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PEEFACE. 



The use of numerical problems on the properties and 
rea<Jtions of substances, as a means of emphasizing 
statements made in lectures, was suggested many years 
ago by Mr Galloway, and has become to some extent 
common among teachers of chemistry in this country, 
but has been far more systematically and thoroughly 
adopted by Professor Cooke and other chemists in 
America. 

The present book is an endeavour to put into a 
concise and simple form suitable for beginners in 
chemistry and for tyros in mathematics a considerable 
quantity of matter which is usually given by teachers 
in the form of manuscript notes, and to furnish a col- 
lection of easy numerical examples, a few of which 
may be set at the conclusion of each lecture. 

The problems are arranged in the order of the 
chemical reactions on which they depend, and not 
according to the mathematical methods used in their 
solution, in the hope that they may tend to fix in the 
mind of the learner the chief points which he has just 
heard dwelt upon. They are not arranged according 
to their difficulty, since this depends to a considerable 
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extent on the mind of the individual pupil and on the 
bent and scope of the master's teaching, but each 
chapter is divided into an elementary and an ad- 
vanced portion. For the sake of simpUcity atomic 
instead of molecule equations and approximate instead 
of exact values have been very frequently given. 

After some doubt and deliberation the answers are 
placed at the end of the book. In the elementary 
portion of each chapter they have been obtained by 
the use of 22*4 litres as "two-volumes" according to 
the proposal of Professor Williamson and of ^ as the 
coefficient of expansion of a gas, in the advanced por- 
tion the more exact values 22*32 litres and '00367 have 
been used and the calculations have been usually made 
by four-figure logarithms. 

A considerable number of the usual tables wiQ also 
be found, some of which have been recalculated from 
recent results. The approximate atomic weights used 
throughout have in some cases of conflicting evidence 
been chosen to preserve well-known numbers or to 
avoid labour in calculation, and not from the assurance 
of their accuracy. The values calculated by Professor 
Clarke as the most probable results of all the best 
experiments are also given for the use of those who 
may wish to work with the greatest attainable pre- 
cision. 

With some diffidence an introduction has been pre- 
fixed to the examples, which is not intended in any 
way to supersede oral instruction, but if possible to 
supply two diiBFerent wants. 

Boys and masters too often find when separated 
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that something, which a few hours before seemed to 
be clearly and securely grasped, has disappeared in a 
most bewHdering fog. The only resource of the boy 
is then something written down or in print, and it is 
hoped that the necessarily short explanations given 
may suffice to recall the missing ideas, though want of 
space has precluded that fulness of illustration which 
is required to bring an entirely new subject home to 
the mind. Again, the authors of original memoirs and 
the larger text-books frequently give only in outline 
calculations which belong more properly to arithmetic 
than to chemistry, and boys weak in arithmetic are 
oto pulled to supply «>efntennedi.t,.tep.. 

The first eight sections of the introduction deal 
with portions of arithmetic which are subsequently 
required, and which experience has shewn are often 
omitted or not sufficiently grasped in the ordinary 
course of arithmetic, these may be easily read by 
anyone who has mastered the " first four rules," vulgar 
and decimal fractions, any method of working "Rule 
of Three " sums, and the definitions of the first book 
of Euclid. The following sections are devoted to the 
different cases in which Chemistry calls in the aid of 
Arithmetic without demanding a knowledge of the 
higher Mathematics. Common mathematical formulaa 
are simply given as facts to be remembered, since the 
proof in many cases demands greater knowledge than 
my readers are assumed to possess. The harder sec- 
tions, which may be omitted by beginners, are marked 
by an asterisk as a guide to anyone who may be working 
without the assistance of a master. 
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The introduction is of necessity a compilation from 
all the ordinary sources, and the problems are the 
results of collecting for several years, at first solely 
with a view to private use ; hence an apology may in 
a few cases be due to authors in whose footsteps I have 
too closely trodden, and without whose labours this 
book would never have been undertaken. 

My grateful thanks are due for some problems and 
for much valuable advice to numerous friends, amongst 
whom I have special reason to mention Professor 
Tilden, Rev. T. N. Hutchinson, A. G. Vernon Har- 
court, H. G. Madan, and W. A. Shenstone, Esqrs. 
I shall also be much obliged to anyone who may 
send corrections and suggestions to myself direcUy or 
through my publishers. 

S. L. 



Habbow, 

June 19, 1882. 
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Sectiona and pcMrtzgraphs mcutked hy oH agterisk may be 
omiUed on 1^ first readmg. 



ARITHMETIC. 

(1) APPROXIMATION*. 

When arithmetical processes are applied to working out 
the results of experimeats, there are many cases in which 
the ordinary methods may be shortened without any loss of 
accuracy and with a considerable saving of labour. 

All numerical results obtained by experiment are liable 
to more or less experimental error, so that the correct 
number is never obtained, but only one more or less closely 
approximating to it. Thus, if the diameter of a six-penny 
piece be measured with an ordinary foot-rule, it is found 
to be *75 of an inch ; but owing to imperfections in the 
rule and in the observer the true value may be either *751 
or '749 of an inch. 

Experiments then being imperfect it is a misleading and 
useless labour to obtain results carried to a large number of 

I*, a ▲. 1 
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decimal places by arithmetic, when the second or third 
figure may be incorrect owing to experimental error. Thus 
if it be required to calculate the length of the circumference 
of the six-penny piece from the measure of the diameter 
just given, it is known that the circumference of a circle 
is (ir=) 3*14159265 <&c. times the length of the diameter, 
and hence in the ^ven case the circumference is 

•750 X 3-14159265 = 2-3561944875 inches. 

But the diameter may in reality be either -749 or '751 
of an inch, f|.nd hence the circuni&repjoe may be either 

•749 X 3-14159265 = 2-3530528943 inches, 
or -751 X 3-14159265 = 2-3593360801 inches. 

Since then the experiment is not suf&ciently accurate to 
decide whether the fourth figure ought to be 3, 6, or 9, 
all the figures to the right of it are of no value, and in fact 
misleading, since they claim for the experiment an undue 
amount of accuracy. 

A chemical experiment is a good one if the numerical 
results are true to j^nnr^ ^ certain cases, if special precau- 
tions are taken, the results may be correct to ^q^qq . In 
general then arithmetical methods may be modified in any 
manner to save labour so long as the working is correct to 
the fourth significant figure. 

In approximate working it is more convenient to use 
decimal than vulgar fractions, because there is no trouble in 
reducing the former to common denominators and it is easy 
to estimate the error introduced by omitting any portion of 
the decimal. Thus if the value of tt be taken as 3*14 instead 
of as 3-14159265, the error introduced is rather over -001 
and the result will be incorrect by about ^^^ of the whole. 
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If the portion of cv deoimal omitted commences with 5 or 
a higher figure, the last figure retained must be strengthened 
by the addition of 1. Thus in the case of 3*14159265, if all 
beyond the fifth figure is to be neglected, 3*1415 is too small 
by '00009, but 3*14156 is too large by only -000008, hence 
the error in the second case is only about -^ of what it 
would have been had the last figure retained not been 
strengthened. 

In dealing with large numbers it is frequently con- 
venient to write them as a single figure in the uuit place 
followed by decimals and multiplied by 10 raised to the 
required power. Thus a ton contains 15680000 grains, 
which may be written 1*668 x 10''. 

(2) MULTIPLICATION. 

When two decimals are multiplied by the common 
method, a number of the decimal figures, which are so 
obtained, are useless owing to experimental error. The 
following method only makes use of sufficient figures to 
obtain the reqidred degree of accuracy. 

(i) Count off after the decimal point in the multipli- 
cand (annexing ciphers if necessary) as many figures of 
decimals as are required in the product. 

(ii) Below the last of these write the unit figure of 
the multiplier, and write its other figures in reversed order. 

(iii) Multiply by each figure of the inverted multiplier, 
neglecting all figures of the multiplicand to the right of 
that figure, except to find what is to be carried ; and let all 
the partial products be so arranged, that their right-hand 
figures stand in the column of the unit figure of the multi- 
plier. 

1—2 
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(iv) Cut off from the sum of these partiid products the 
required number of decimal places. 

For greater accuracy it is preferable to calculate one 
figure more than necessary, and to cut it off from the 
answer. 

Thus, to multiply 3-14159 by 19-14383 correctly to three 
places of decimals, 

3-141,59 
383 419 1 







31416 






28274 






314 






126 






12 




60-142 


The correct 


answer is 


60-1420648897. 



When any number occurs frequently, it is convenient to 
make once for all a table of its multiples from 1 to 9, by 
adding the number to itself eight times. These multiplea 
have then to be simply added, the decimal point being 
moved as required. 

The multiples of ir. 



1. 


31416 


2. 


6-2832 


3. 


9-4248 


4. 


12-5664 


5. 


15-7080 


6. 


18-8496 


7. 


21-9911 


8. 


25-1327 


9. 


28-2743 
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Thus, to find the circumference of a circle in metres the 
diameter of which is one yard (='91438 metre), 

3-U16 X -91438. -9 2-82743 

•01 -03142 

•004 ^01257 

•0003 -00094 

•00008 -00025 

2-87261 metres. 



(3) DIVISION. 

(i) A number is divisible by 2, 4, or 8, when the num- 
ber formed by the last one, two, or three figures on the right 
is divisible by 2, 4, or 8 respectively. 

(ii) Every number ending with 5 or is divisible by 5 
or 10 respectively. 

(iii) Every number is divisible by 3 or 9, when the sum 
of the digits is divisible by 3 or 9 respectively. 

(iv) A number is divisible by 11, when the difference 
between the sum of the figures in the odd places, and the 
sum of those in the even places is divisible by 11, or is zero. 

The division of decimals may be shortened as follows :--• 

Make the nnmber of decimal places equal in the divisor 
and in the dividend by annexing ciphers or the next figures 
of a recurring period. Divide in the ordinary way, but 
instead of bringing down ciphers cut off a figure from the 
divisor, remembering to carry from the multiple of the figure 
cut off 
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3-14169 
-914383 


•0/9085 
-63497 


914383)3141690(3-43676 
2743149 


834970)790860(-094716 
761473 


398441 
366763 


39377 
33399 


32688 
27431 


6978 
6846 


6267 
4672 


133 
83 


685 
640 


60 
60 


46 
46 





(4). PROPORTION. 

Hie simple form of proportion usually required in 
chemical sums, is treated of under the name of ^Rule of 
Three/ and can be dealt with without^ making use of the 
signs of proportion. 

Thus if 100 lbs. of mercury form 108 lbs. of mercuric 
oxide, how much oxide will be formed by 80 lbs« of mercury ) 

Since 100 lbs. of mercury form 108 lbs, of mercuric oxide, 

108 



lib. 

and 80 lbs. 
mercuric oxide. 



91 



If 



iy 



if 



forms 



form 



100 

108 
100 



f9 



91 



X 80 « 86-4 lbs. of 
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*In comparing two quantities of the same kind Of thing 
expressed in the same denomination, the number of times 
that one is of the other is called the tatio of that one to that 

other and is written a : 5 or 7 • 

When two ratios are equal the four numbers form a 
proportion, which is written a : b :: c : d, or a : b = c : d. 

In any proportion the product of the extremes is equal 
to the product of the means ad= be. Hence if three terms 
are given in a proportion the foiirth can be found, 

Ic y be 
a=-^, or €? = --. 
a a 

Thus, if 100 IbA. of mercury form 108 lbs. of mercuric 
oxide, how much oxide will be formed by 80 lbs. of mercury 1 

100 : 80 :: 108 : ? Arts, (or x). 

108 X 80 



86'4 lbs. merouric oxide* 



Since 



or 

Thus, if 



100 


— «=» \f\f "X . 


ktja* AiAviv 




a 
b 


c 

"5' 




3*1 


-S-. 




b 


= d ' 


a<kiib:i 


e*d : d. 




a : 6 :: 


12:4, 




60 
"=4 


= 16. 
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And also 


a-6 :5 :: 8 :^ 




K 40 




o=15; 


or 


o + 6 : 6 :: 16 : 4, 




a+5= ^, 



a=\b. 



*(5) SQUAKE ROOT. 

(i) Commencing with the unit figure cut off periods of 
two figures each in both directions* S6S*365d. 

(ii) The first figure of the required root will be the 
square root of the left-hand pariod, or of the greatest square 
contained in it. 

(iii) Subtract the square of this figure from the first 
period; and to the remainder annex the next period for 
dividend; and for part of the divisor double the porti(»i 
of the root already obtained. 

(iy) Try how often this part of the divisor is contained 
in the dividend wanting the last figure, and annex the 
figure thus found to the parts of the root and divisor already 
found. 

(v) Then multiply and subtract as in division, to the 
remainder bring down the nes^ period and proceed as before. 

(vi) When all the whole numbers have been used, pro- 
ceed to find decimals, the period consisting of two decimal 
figures or of two ciphera 
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Thus^ to find 1^365, 

566(19-1049 
1 

29)265 
261 

381) 400 
381 

38204) 190000 
152816 

382089)3718400 

3438801 . 

382098)279599 

If the answOT be required to many decimal places, the 
working becomes laborious^ but may be shortened as fol- 
lows: — 

Find half or one more than half the required figures by 
the above rules, and then annexing one figure instead of 
two proceed according to the contracted method of dividing 
decimals. 

To continue the V365 found above : — 

382098)2795990(73174 
2674691 

121299 
114630 

6669 
3821 

2848 
2675 



173 
153 



20 
Hence V365 = 19104973ir4, 
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*The square root of a number, wMdh U nearly a perfect 
square, may be approximately found as follows : — 

If a be the root of the perfect square, and a^hhe the 
root of the given number iT, 

iV=(a*6)'=a*±2a6 + 6'; 

but if a* is nearly equal to iiT, 5 is so small that V may be 
neglected. 

Hence * 6 = — s — . 

( 2a 

Thus, to find n/17, 

a = 4, 

.-. n/17 = 4-125 instead of 4-1231. 

Again, to find VlSOO, 

36" = 1290, , 

1300-1296 4 _ 1 ^ 
2x36 2x36 "18' 

.-. ^/I300 = 36-06. 

♦(6) CONTINtTED FRACTIONS. 

It sometimes happens in finding the formula from the 
percentage composition of a substance (Sect. 27) that it 
is required to reduce the fraction representing the ratio 
of these results to its lowest terms, and then to find another 
fraction in lower terms nearly representing this ratio, the 
difference being due to experimental error. 

The only form of continued fractions required in 
chemistry is the one in whieh everjr denominator is a whole 
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number with a firaotion annexed, which f ractiofi haft also 
for its denominator a whole number with a fraction and 
so on, every numerator being 1. 

To convert a fraction into a continued one, divide the 
greater term by the lesB, the less bj the remainder and 
so on, as in finding the greatest common measure; the 
quotients will be the denominators of the several fractions 
in the continued fraction, the numerator of each being !• 

1-41421 
Thus, to express — = as a continued fraction, 

100000)141421(1 
100000 



41421)100000(2 
82842 



17168)41421(2 
34316 



7105)17158(2 
14210 



2948)7105(2 
5896 



1209)2948(2 
2418 



530)1209(2 



^■"L^ 1 

^*2+i 1 



2 + 2+1 

2&C. 
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The saocessive convergents which can be made from 
this continued fraction are 

1 lA li IX \l$r m 

which are altematelj smaller and larger than the original 
number, to which also each successive conyergent more 
nearly approximates. 

To find the series of converging fractions from the quo- 
tients obtained as above. 

Write the several quotients in a line, take the first 
quotient as the numerator and 1 as the denominator of the 
first fraction, which is set below the second quotient. Then 
for the second fraction, multiply both the terms of the first 
by the quotient which stands above it and add 1 to the 
numerator, the result is the second fraction which is set 
below the third quotient. To find the succeeding fractions, 
multiply the terms of each fraction, when found, by the 
quotient which stands above it, and to the products add 
separately the terms of the preceding fraction. Thus the 
convergents corresponding to the quotients 

14 2 12 14 
are 



1 


6 


11 


16 


48 


50 


270 


T 


T 


T 


IB 


3 8 


i8 


227 



(7) SYSTEMS OP MEASURES. 

(i) The English System. 

Meaeurea of Length. 

The Imperial Standard yard is the distance between the 
centres of two gold plugs in a bronze bar, when it is at the 
temperature of 62° F, 
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1 incli 
12 inches »1 foot. 
36 inches « 3 feet = 1 yard. 
63360 inches a 5280 feet= 1760 yards = 1 statute mila 
73036-8 inches =6086-4 feet =2028-8 yards = 1-152 miles 

=: 1 geographical mile or knots 1000 fathoms. 

A geographical mile is the mean length of one minute of 
longitude at the Equator. 

The polar axis of the Earth is nearly 5-005 x 10" inches 
^l length. 

Measwrea of area or surface* 

1 square inch. 
144 sq. ins. = 1 square foot 

1296 sq. ins. = 9 sq.fb. = 1 sq. yard. 

43560 sq. ft. = 4840 sq. yds. = 1 acre. 
27878400 sq. ft. = 3097600 sq. yds. = 623-7 aa = 1 sq. mile. 

Measwrea of volume or eapadty. 

1 cubic inclu 

34*64 cub. ins. = 1 pint. 

277-123 cub. ins. = 8 pts. = 1 gallon 

= 0-160372 cub. foot 

1728 cub. ins. = 49-884 pts. = 6-314 gals. = 1 cub. ft 

46656 cub. ins. » 1346-9 pts. » 168-36 gals. 

« 27 cub. fb. = 1 cub. yard. 

6451776000 cub. yds. = 1 cubic mile. 
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A gallon of water at 62* F. weighs 10 lbs. or 70000 grains. 

A cubic incb of water at 39* F. weighs 252*88 grains. 

A cubic foot of water at 39* F. weighs 62425 lbs. or 
998-8 ozs. 

A pound of water occupies *0162 of a cubic foot. 

1000000 volumes of water at 39* F. become 1001118 vol- 
umes at 62° F. 

Mea8wre9 qf Mas9, 

The Imperial Standard pound avoirdupois is the mass 
in vacuo of a certain piece of platinum. 

1 grain ayoirduppis and Troy. . 
437*5 gms. = 1 ounce avoirdupois (oz.). 
7000 gms. = 16 ozs. B 1 pound avoirdnpois (lb.). 
784000 gms. = 1792 ozs. = 112 lbs. = 1 hundredweight (cwt.). 
15680000 gms. = 35840 oza = 2240 lbs. =20 cwts. « 1 ton. 

100 ]ibs. = l cental 

480 grains = 1 ounce Troy. 
5760 grains = 1 ounces Troy =12 pound Troy. 
1 ounce Troy = 1 "097 oza avoirdupois. 
1 lb. avoirdupois = 1*215 pounds Troy. 

1 ton of water occupies 224 gallons or 35*88 cubic feet. 



(ii) Thb Metric System. 

In the metric system all the measures are multiplied by 
10 and its powers, multiples being shown by prefixing a 
Greek numeral; and also divided by 10 and its powers, sub- 
multiples being shown by prefixing a Latii^ nuioeral. 
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Mecawrea of Length. 

The metre is the length of a certam bar pf platinum 
at 0" 0. 

1 millimetre. 
1 m. m. = 1 centimetre. 

100 nLm. = .10 cm. ^ 1 decimetre. 
1000 m.m. = 100 cm. = 10 dm. = 1 metre. 
10000 mm. = 1000 cm = 100 dm = 10 m. 

= 1 dekametre. 

100000 mm.-: 10000 cm. =? 1000 dm. = 100 m. 

= 10 dakam. = 1 hectometra 

1000000 m,m. =* 100000 cm. = 10000 dm. = 1000 m. 

= 100 dekam. = 10 hectom. = 1 kilometre. 

The metre was constructed to be the iooo\)000 ^^ ^^® 
quadrant of the globe passing through Paris. According to 
the best modem results however this quadrant really mea- 
sures 100014725 times the length of the standard metre, 
which is preserved at Paris. 

Measurea of Area or Surface, 

1 square millimetre. 
100 sq. m.m. » 1 square centimetre. 
10000 sq. m.m. » 100 sq. cm. = 1 sq. decimetre. 

1000000 sq. m.nL = 10000 sq. cm. = 100 sq. dm. 

s: 1 sq. metre or centiare. 
100 square metres or oentiares = 1 are 
1000000 sq. metres = 10000 ares ^ 1 square kilometre. 
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Me(wwre9 of VoltMne or Capaudity. 

1 cubic centimetre (aa). ^ 
1000 C.C. = 1 cubic decimetre (a litre). 
1000000 aa = 1000 litres « 1 cubic metre (a store). 

Me€b8wre8 of Mass. 

A kilogram is the mass of a certain piece of platinum in 
vacuo. 

1 milligram. 
10 m.g. = 1 centigram. 
100 m.g. = 10 eg. = 1 decigram. 
1000 m.g. = 100 eg. « 10 d.g. = 1 gram. 

1000 grams = 1 kilogram. 
1000000 grams = 1000 kilos. = 1 tonne. 

The kilogram was intended to be the mass of one cubic 
decilnetre of water measured at 4^ 0. But it is found that 
the mass of 1 cc. of water at 4°C. is 1*000013 grams. 

For the conversion of English to Metric and of Metric to 
English measures see Table XL 

♦(iii) The O.G.S. System. 

Nearly all the quantities, with which physical science 
deals, can be expressed in terms of three fundamental units, 
of which the most convenient are : — 

a definite length — ^the Centimetre. 
a definite mass — ^the Gram, 
a definite time — ^the Second, 
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Surface is expressed in square centimetres, and volume 
in cubic centimetres. The gram, the unit of mass, is very 
nearly the mass of the unit-volume of water at 4° C. 

The C.G.S. unit of force is the dyne. It is the force, 
which acting on a gram for a second, generates in it a 
velocity of 1 centimetre per second. 

Thus, if a body falls in vacuo at Greenwich for 1 second, 
the velocity is found to be at the rate of 981*17 centimetres 
per second. Or the force exerted upon a body at Greenwich 
by the attraction of the earth is ^ = 981 '17 dynes. At Paris 
^=980-94 dynes. 

The C.G.S. unit of work is called the erg. It is the 
amount of work done by a dyne working through the dis- 
tance of 1 centimetre. 

The C.G.S. unit of energy is also the erg, since energy is 
measured by the amount of work which it represents. 

If a body the mass of which is m grams fall through a 
distance h centimetres ; the working force is the action of 
gravity upon the mass of the body = gm dynes, which, mul- 
tiplied by h the distance passed through, gives mgh ergs 
as the work done. But the velocity acquired is such that 
v" = 2gh, Hence mgh = J mi;*. 

The kinetic energy of a mass of m grams with the velo- 
city oft? centimetres per second is |mi?' ergs. 

In cases in which great accuracy is not required, it is 
usual to consider gravity as a force constant at all positions 
on the earth's surface, and to reckon work by a mass lifted 
through a certain distance in opposition to gravity. 

Thus a kilogram-metre is the work done in Hfting a 
kilogram through a metre in opposition to gravity. 

A kilogram-metre = 100000 x g ergs. 
L. c. A. 2 
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A foot-pound is the work done in lifting a pound through 
a foot in opposition to gravity. 

A foot-pound = 13825 xg ergs. 

A horse-power is the power of doing work at the rate of 
33000 foot-pounds per minute or 550 foot-pounds per second, 
it is equal to 746 x 10' ergs per second. 

Since only one unit for each measure is used in the C.G.S. 
system, the easy and rapid expression of large multiples and 
of small sub-multiples is a matter of great importance. 

The prefix micro- is used to express division by a million ; 
a microdyne is the millionth of a dyne : the prefix mega- or 
megal- is used to denote multiplication by a million; a 
megalerg is a million ergs. 

In expressing small or large multiples of the unit in 
figures it is most convenient to write them as one figure of 
whole numbers, followed by decimals, and multiplied by the 
requisite negative or positive power of 10. 

Thus 324,000,000,000 is written 3-24 x 10", 
and -000 003 24 as 3-24x10-". 

The power of 10 used is the characteristic of the com- 
mon logarithm of the expression. 

These multiples of 10 are easily expressed in words, thus 
10' grams is spoken of as a gram-nine, and 10"* grams is 
spoken of as a ninth-gram. 

The prefix mega- is equivalent to the affix -six, and the 
prefix micro- to the prefix sixth-. 
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(iv) Measures op Time. 

The sidereal flay is the period in which the earth turns 
once on its axis, and is equal to 86,164 mean solar seconds. 

The earth goes round the sun in one tropical year of 
365*24224 mean solar days or 31,556,929 mean solar seconds. 

1 second. 
60 seconds = 1 minute. 
3600 seconds = 60 minutes = 1 hour. 
86400 seconds = 1440 minutes = 24 hours = 1 mean solar day. 
1 mean solar day = 1*00273791 sidereal days. 

(y) Measujies of Angles. 

If a straight line be kept constantly in a plane with one 
end centered at a fixed point, and be then caused to revolve 
with a motion like the hand of a clock, it moves through an 
angular space called a round in making one revolution. 

One-fourth of a round is called a quarter-round or right- 
cmgle, (Of. Euc. Bk. i. Defin. x.) 

1 second. 
60"= 1 minute. . 
3600" = 60' = 1 degree. 
324000"= 5400'= 90' = 1 right-angle. 
1296000" = 21600' = 360° = 4 rts. = 1 round. 

A radiom is the angle between two radii of a circle, which 
comprise between them an arc of the circle equal in length 
to the radius. 

1 radian = 57*29578'^ = 3437*747' = 206,264*8" nearly, 
or 180^ = 3*14159265 &c. radians. 
r=*01 74533 radian. 

2—2 
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(8) MENSURATION. 
ir = 3-U16=V nearly. 

Plane Areas. 

1. Square^ side a. A = a'. 

2. Triangle, base c, perpend, d. A = ^cd. 

3. Rectangle, sides a6. A = db. 

4. Circle, radius r. A = tit". 

5. Ellipse, semiaxes ab. A = ?ra6. 

Surfaces. 

1. Cube, edge a, S = 6a*. 

2. Sphere, radius r. S = 47rr*. 

3. Cylinder, radius r height h. S = 2irr (h + r). 

4. Spherical segment, height h. S = 2vrh, 

Volumes. 

1. Cube, edge a. V = a*. 

2. Rectangular parallelepiped edges a, 5, e. Y = a5c. 

3. Sphere, radius r. ^ = ^ 't*^- 

4. Spheroid, radii a, 6, 6. Y=^9ra6*. 

5. Cylinder or prism. V =area of base 

X height. 

6. Cone or pyramid. ^ = i ^^^^^ ^^ 

base X height. 
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PHYSICS AND CHEMISTRY. 

(9) MASS, YOLTJME, DENSITY AND WEIGHT. 

The mass of, or quantity of matter in, a bodj remains 
constant so long as nothing is added to or taken from the 
body, and is proportional to the volume and density con- 
jointly. Two bodies are of equal mass, if equal forces 
applied to them produce in equal times equal changes of 
velocity. 

The density (A) of a body is measured by the number 
of units of mass contained in the unit of volume of it. 

Hence in the metric system the density of a solid or 
liquid is measured by the number of grams in one cubic 
centimetre of it, or by the number of kilograms in one litre 
of it. 

Thus 1000 C.C. of copper A 9, contain 1000x9 = 9000 
grams, and 1000 grams of copper occupy ^^^^ = 111*1 cc. 

Since 1 c.c. of water at the temperature of 4** C. contains 
1-000013 grams, the density of a solid or liquid is measured 
very nearly by the number of times it is heavier or lighter 
than an equal volume of water at the temperature of 4*^ C. 

Thus cast-lead is 11*35 times heavier than water, and its 
true density is 11*35 x 1*000013= 11*35014755. 

This correction is so small that it may be neglected in all 
ordinary cases. 

* In the English system if a cubic foot be taken as the 
unit of volume, the density of a body is measured by the 
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number of pounds in one cubic foot of it; and the number 
of times a body is heavier or lighter than an equal yolume of 
water at 62° F. is spoken of as its specific gravity. Since a 
cubic foot of water at 4^0. weighs 62*425 lbs., the density 
of a substauce is nearly 62*4 times its specific gravity. 

Thus, the specific gravity of mercury is 13*55, but its 
density is 848*75. 

The mass of a body is in practice usually measured by 
its weight, that is, by the attraction of the earth upon it, 
which is equal to the mass of the body multiplied by g, the 
velocity which it would acquire by falling freely in vacuo for 
a second under the influence of the attraction of the earth. 
W^Mg (where ^ = 981 cm. in London). 

Since the force of gravity, though always the same at the 
same place, increases in passing from the Equator to the Pole, 
because in the latter case the body is nearer the centre of 
the earth, and also the centrifugal force acting upon it 
becomes less, the weight of a body varies according to its 
geographical position and to its distance above the sea-level. 

If then masses at different places were compared by esti- 
mating the weights of the bodies by means of a spring- 
balance, a correction for the difference of the force of gravity 
would have to be introduced. But in chemistry masses are 
usually compared by the number of standard pieces of metal 
(weights) on which the earth exercises an equal attraction. 
Hence in a balance masses and not weights are in reality 
estimated. 

The word weight is often wrongly used when mass is 
really meant, e.g. a gram or a pound is a unit of mass and 
not a unit of weight. 

The Chemical Balance, by which the equality of masses 
is determined, consists of a lever with equal arms, hence 
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when the instniment is in equiUbriam the mass in one pan 
is equal to the mass in the other pan. 

In very exact experiments the chance of error arising 
£rom any inequality in the length of the arms may be obvi- 
ated by two methods. 

(i) In the method of counterpoise, the substance is 
placed in one pan, and shot, sand, &c. are placed in the other 
pan to counterpoise it. The substance is then removed, and 
weights are put into the pan to balance the counterpoise. 

(ii) In the method of double-weighing, the substance is 
placed in one pan and balanced by weights, W^ in the other. 
The substance is then changed into the other pan, and 
balanced by weights W^ in the first pan. If a, h be the 
lengths of the arms of the balance and x the true mass of 
the substance : — 



and 



or 



xy^a 


= 6xTr., 


H^.xa 


= 6x0!, 


X 


X 


.-. X* 


= ^.K> 



and « = n/^i^,; 

■ 

if the difference between W^ and W^ be small. 

Thus a crucible is found to weigh 19*76 grams in one pan, 
and 19*74 grams in the other, find its true mass. 

^ = ^19*76 X 19*74 = 19*74999, or very nearly 19*75 grams. 

From the relations between volume, density, and mass 
^ven above, many important questions connected with 
changes in volume and density, when metals are alloyed 
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together, or when solids dissolve in water, can be solved 
directly. 

If metals having volumes Fj, F„ Fg, &c. and densities 
Aj, \y \ are fused together to form an alloy having the 
volume F. and the density A^, 

F,A, + FA + F3A3+ &c. = F^^ 

Again, suppose that the masses of the metals mixed are 
M^y M^, M^ and the mass of the alloy formed is Mg, if no 
permanent change of volume takes place, 

if Jf, if, , M, 

-^ + — - ■¥ — ^ + &c. = — - , 
AAA A 

Thus, the native alloy of mercury (A13'59) and gold 

(A19*3) (Hgg AuJ consists of 600 parts of mercury alloyed 

with 393*2 parts of gold, find its density if no contraction 

takes place. 

600 393-2 _ 993-2 

13-59 ■*■ 19-3 " X 

.-. a; =16-4. 

The density is found by experiment to be 15*47, hence a 
small contraction takes place during the reaction. 

When solids dissolve in water the volume of the solution 
is usually less than the volume of the water and of the solid 
together. 

When 20 grams of nitre (A2-12) are dissolved in 80 grams 
of water the solution has the density 1-136, what would the 
volume have been if no contraction had taken place, and 
what is it? 

^^ + rjl=: 9.56 +80 = 89-56 c.c. 



2-12 1 
if there had been no contraction. 

But , ,^^ - 88*02 C.C. is the volume of the solution. 
1*136 
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(10) FROM THE FORMULA OF A SUBSTANCE 
TO FIND ITS MOLECULAR WEIGHT AND 
PERCENTAGE COMPOSITION. 

The Atomic weight of an element is the number of times, 
which the smallest portion of that element, that can take 
part in a chemical change, is heavier than the smallest por- 
tion of hydrogen, that can take part in a chemical change. 
An atom of hydrogen is supposed to weigh 3*5 x 10""* 
grams. 

These atomic weights are expressed by symbols, which 
are usually the first letters or first two letters of the "RngliHli 
or Latin name of the element. 

Thus H represents the hydrogen-atom weighing 1 
O „ oxygen-atom „ 16 

Fe „ iron-atom „ 56 

The molecular weight of an element or compound is the 
number of times which the smallest portion of that element 
or compound, that can exist in the free state, is heavier than 
the atom of hydrogen. 

Comparatively few of the molecular weights of the ele- 
ments have yet been determined, they are usually multiples 
of the atomic weights by 2, but in some instances by 1, 4, 
or 6. 



Thus 



H.= 


1 


x2 = 


2 


o.= 


16 


x2 = 


32 


N.= 


14 


x2 = 


28 


Cl.= 


35-5 


x2 = 


71 


Br.= 


80 


x2 = 


160 


I.= 


127 


x2 = 


254 



2 is the molecular weight of Hydrogen. 

Oxygen. 
Nitrogen. 
Chlorine. 
Bromine. 
Iodine. 
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Kj = 39 '1 X 2 = 78 '2 is the molecular weight of Potassiam. 



Hg=200 X 1=200 
Cd=112x 1 = 112 
P,= 31x4 = 124 



As^= 75x4 = 300 
S^= 32x6 = 192 



S,= 32x2 =64 



» 



» 



>» 



)) 



»> 



Mercury. 
Cadmium. 
Phosphorus. 
Arsenia 
Sulphur (below 

600^ C). 
„ „ „ Sulphur (above 

1000° C). 

The molecular weight of a compound is the swm, of the 
atomic weights of all the atoms of the elements which com- 
pose it. 

Thus the molecular weight of hydrogen chloride HOI is 

1+36-5 = 36-5. 

The molecular weight of water H^O is 

1x2 + 16 = 18. 

The molecular weight of hydrogen sulphate H^SO^ is 

1x2 + 32 + 16x4 = 98. 

From the symbol, also, the percentage composition, or 
number of grams of each element in 100 grams of a com- 
pound, may be readily calculated. 

The name of each element present being written in a 
column, and opposite to each the multiple of its atomic 
weight which is present in the compound, on adding these 
numbers together the molecular weight of the compound is 
obtained. Since the numbers opposite to each element 
express the number of parts of that element present in the 
molecular weight of the compound, on multiplying each of 
these numbers by 100 and dividing by the molecular weight, 
parts in 100 or percentages are obtained. 
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Thus, to find the percentage composition of carbon di- 
oxide CO,. 

Carbon C = 12 x ?^^ = 27-27. 

Oxygen 0,= 32 x ^ = 7273 

44 100-00 • 

For since 
44 parts of carbon dioxide contain 1 2 parts of carbon 



1^ „ „ 00.^ I 

inA ^ * • 12x100 

100 parts „ „ contain — ^j — 



» » 



>» » 



(U) FROM AN EQUATION TO CALCULATE 

A MASS. 

A chemical equation expresses that certain substances 
present in definite proportions react upon one another to 
form certain other substances also in definite proportion. 
Since matter is indestructible, the sum of the masses or 
molecular weights of the substances before the change must 
be equal to the sum of the masses or molecular weights of 
the substances after the change. 

Thus Mg + = MgO expresses that 24 parts of mag- 
nesium react with 16 parts of oxygen to form 24 + 16 or 
40 parts of magnesium oxide. And if it be required to 
find how many grams of magnesium oxide are formed on 
burning 10 grams of magnesium, 
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the equation shews that 

24 grams of magnesium form 4-0 grams of magnesium oxide, 

.-. 1 gram „ „ forms ^ „ „ „ 

<fe 10 grams „ „ form — ^^ = 16*6 „ „ 

The same result may be reached with still greater 
rapidity by the use of simple proportion. 

Find the multiples of the atomic or molecular weights 
of the substances given and asked in the equation, and make 
the proportion : — 

The molecular weight of substance given : the molecular 
weight of substance asked :: the real mass of substance 
given : the real mass of substance asked. 

Thus, to find how many grams of sodium sulphate can be 
obtained from 100 grams of sodium hydrate, 

2H2SraO + H^O, = 2H,0 + Na^SO,. 

2 X 40 142 

2 X 40 : 142 :: 100 : x 

14200 _^. 
X = — g^ = 177-5 grams. 

* (12) FLUID PRESSURE. 

When the action of pressure upon fluids is investigated, 
it is found that some fluids, e. g. water and mercury, decrease 
in volume very slightly even under a greatly increased 
pressure ; such fluids are roughly said to be incompressible : 
but other fluids, e. g. air and hydrogen, are found to decrease 
in volume considerably under increased pressure; such fluids 
are said to be compressible. 
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Fluids, when compressed, transmit the pressure equally 
in all directions, and hence any substance immersed in 
a fluid or floating upon it is buoyed up by a force equal 
to the weight of the fluid displaced. 

* 

Two important consequences of this fact may be noted : — 

(i) Suppose a body of known mass M floats in a liquid 
of density A, with the volume V immersed, 

thus, the mass of an hydrometer divided by the volume 
of the immersed portion gives the density of the liqidd 
in which it floats. 

(ii) When substances are weighed in a balance, they 
are usually immersed in air, and hence they apparently 
weigh less than they really do by a weight equal to that 
of the air displaced. The weights are also aflected by the 
same cause. 

Hence, if F, be the volume of the substance in c. c, 
V^ that of the weights, and a the mass of 1 c. c. of air under 
the conditions of experiment, the real mass of the substance 
is equal to the mass of the weights 

0-001293 X H 
^^^^ "" = (14- -003670x760 '''^^^' 

The total normal pressure on a surface of area A im- 
mersed in an incompressible fluid of density A is 

P = A,/i,g,z, 
where z is the depth of the centre of gravity of the surface 
below the surface of the fluid. 
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Thus, to find the pressure on a surface of 1 sq. cm. im- 
mersed with its centre of gravity 76 cm. below the surface 
of mercury A 1 3*596, 

P= 1 X 13-696 X 76 X 981 = 1033'3 x 981 grams. 

In the case of gas or vapour the pressure may be 
measured in a variety of ways, e.g. by the elasticity of a 
thin sheet of metal as in the aneroid barometer, by a lever 
and weight as in the safety-valve <&c., but in accurate 
experiments it is preferable to measure the pressure by 
finding the height of the column of a liquid of known 
density, generally mercury, which the pressure of the gas 
will sustain. 



(13) THE BAROMETER. 

The barometer in its most simple form consists of a 
tube about 1 cm. wide, and 80 cm. long, closed at one 
end, fiUed with mercury, and inverted in a vessel of mercury. 

Since fluids transmit pressure equaUy in all directions, 

the pressure of the air on a portion of the surface of the 

mercury of area A in the vessel is equal to that of the 

colimin of mercury inside the tube the area of which is 

also A, 

F = A.H.£i.g. 

Taking ii as 1 sq. cm. and omitting g as being constant 
for the same place, 

P = ^x 13-596. 

The standard pressure of the air, called an atmosphere, 
is taken as equal to that of a column of mercury 760 m.m. 
or 76 cm. high. 
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In this case P = 76 x 13-696 = 1033-6 grams on the 
square centimetre, or 14*7 lbs. on the square inch. 

If two barometers under the same circumstances contain 
liquids of different densities, 



h = 



8 



When the mercury (A 13*596) barometer stands at 720 
m.m. how high will one of glycerine (8 1-27) stand? 

. 72 X 13-596 _^ o 

A= r-i^ = 770-8 cm. 

1-27 

* Since increase of temperature causes the mercury and 
the scale of the barometer to expand, a correction must be 
applied for any temperature f C. If the reading on a brass 
scale is A m.m. the true reading is 5"= A (1 - 0*00016 1). 

The higher a barometer is carried from the sea-level the 
less is the action of gravity upon the mercury, and the 
shorter is the column of air above the mercury, hence for each 
metre that the place of observation is above the level of the 
sea, *083 m.m. must be added to the observed height of the 
barometer, to reduce it to the true reading at the sea-level. 

The difference in height in metres D between two places 
at the temperatures T^ and f Centigrade, where the mer- 
cury-barometer stands at H and h metres respectively, may 
be found by the formula, 
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(14) THE CHANGE IN VOLUME OF A MASS OF 
GAS PRODUCED BY A CHANGE IN PRES- 
SURE. 

Boyle's Law. The volume of a mass of gas varies 
inversely as the pressure upon it ; or, the volume of a mass 
of gas multiplied bj the pressure at any one time is equal 
to the volume of the same mass of gas multiplied by the 
pressure upon it at any other time ; 

or P • 

If the pressure upon 1000 a c. of gas be increased from 
400 m.m. to 800 m.m. what is the new volume ? 

^ 1000 X 400 ^^^ 

^= 800 =^QQ^'^ 

250 c. c. of gas under pressure of 742 m.m. have the 
pressure increased to 760 m.m. What is the new voliune ? 

r=H5^= 244-08 C.C. 

(15) TEMPERATURE AND THERMOMETERS. 

The temperature or hotness of a body is the energy with 
which the heat in that body tends to transfer itself to other 
bodies. Temperature is usually measured by thermometers, 
which are generally inclosed volumes of air or mercury from 
the expansion of which the temperature is determined. 

In every case two * fixed points ' are taken, the melting- 
point of ice, and the boiling-point of water under a pressure 
of 760 m.m. of mercury. 
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The difference in temperature between these two points 
is divided into a number of equal degrees and a similar gra* 
dilation is carried above and below the fixed points. 

Three different scales are in use : — 

Mating of ice. Interval. Boiling-point. 

The Centigrade scale O^^C. 100*0. 100* C. 

Fahrenheit's scale 32* F. 180* F. 212* F. 

Reaumur's scale 0*R 80* R. 80* R. 

Since the difference between the fixed points is the same 
in each case, 

100*C. = 180«F.=80*R., 

or 5*C.= 9*F.= 4*R 

Hence any given number of degrees a on one scale can 
be expressed on another scale by the following formulie : — 

Thus, to find what temperature Centigrade is equal to 

113*F., 

(113*F.-32)x5 _^g„^^ 

and what temperature Fahrenheit is equal to — 32* R., 

-32*R. x9 



4 



+ 32 = -40*F. 



There are reasons for supposing that — 273*C. is the 
lowest possible temperature ; hence it is called the absolute 

L. C. A, 3 
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zero, and absolute temperatures are measured from it as 
Centigrade temperatures* are measured from the melting- 
point of ice. 

Any temperature expressed on the Centigrade scale is 
converted into the absolute scale by adding 273 to it. 

Thus - 13' C: is - 13 + 273 = 260* on the absolute scale. 



(16) EXPANSION BY HEAT, 

Solids and liquids usually increase in volume when 
heated and decrease in volume when cooled, but the change 
is so small, that in ordinary chemical experiments it may be 
neglected. 

Thus 5550 volttmes of mercury at 0**C. increase by one 
volume for every 1"G, through which they are heated, 
becoming 5550 + 100 = 5650 volumes at 100® C. 

The expansion of gases however is so considerable that 
a change of a very few degrees may affect an experimental 
result. 

Gay Lussac's Law. When 273 volumes of a gas at (f C. 
are heated, they increase by one volume for every I'C. 
through which they are heated. 

Thus 
273 volumes of gas at (PC, become* at PC. 273+ 1 volumes, 
273 „ „ „ „ „ 2»C. 273 + 2 „ 
273 „ „ „ „ „ 3° C. 273 + 3 „ 
273 „ „ ^ ,♦ n <'C. 273 + < 

273 „ „ „ „ „ ra273 + r „ 

where t and T express any number of degrees on the Oenti- 
gt^ide scale. 
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Hence 273 + ^ volumes of gas at ^C. become at iPC. 

273 + 37 volumes, 

273+ T 

or 1 volume at f C. becomes at PC, -j-— volumes, 

J73 + 1 

273 + T 
• and V volumes at f C. become at J* C. r x — — volumes ; 

wbich, if V stand for the volume of the gas after a change 
of temperature from ^ 0. to ^ C, is usually written 

^^ 273+^ • 

To find the new volume if 1000 c.c. of gas are heated 
from 17* C. to 27« C. 

^ 1000 (273 + 27) 1000 x 300 -^„, ^ 
^" — 273TT7— = 290 = ^^^^'^ ^•^- 

If lOOO c.a of gas at - 23*^ C. are heate4 to 2V C, find 
the new volume. 

;; 1000 (273 4-27) ^ 1000x300 
^ 273^^"23 " ~"256 ^^^^ <'-^- 

If the pressure 'on the gas as well as its temperature be 
changed, the above formula must be combined with the one 

given in (14). 

. 1^(273 + ^) p 

'^"" 273 + « P' 

If 500 CO. of gas are cooled from 39® C. to 13 C, the 
pressure being decreased from 800 m.m. to 300 m.m., find 
the new volume. 

500(273 + 13) 800 
^"^ 273 + 39 ""300 

500x(286)x800 _ j, 

- (312) x 300 -1222 2C.C. 

3—2 
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*In certain cases the fraction -^^^^ which is at least 
equally correct, is more convenient for calculation than ^|^. 

Then y_ t>(3000 + lir) 

^^"^ ^- 3000 + 11^1 • 

Thus, to find the new volume if 1000 c.a of gad are 
heated from 0« C. to 300» C, 

1000(3000 + 3300) ^ 
*^ " 3000 " ^^^ *'••• 

In other cases, and especially when logarithms are used, 
it is more convenient to use formulie containing decimal 
instead of vulgar fractions. Thus : — 

1 volume of gas at 0^ C. 

when heated to 1^ C. becomes 1 + *00367 x 1 vols. 

2«0. „ 1 + -00367x2 „ 

3*0. „ 1 + -00367x3 „ 

^C. „ 1 + -00367 x^ „ 

rC. „ 1 + -00367 xr„ 

„ - f? (1 + -00367 T) 

Hence r = — \ ^^^.u. — - • 

1 + -00367 « 

The fraction -00367 is called the coefficient of expansion 
of a gas, and is frequently expressed by a. 



>9 if 

99 if 



(17) THE DENSITY OF GASES. 

When the pressure on and temperature of a gas ai^e not 
mentioned, it is supposed to be at (f 0. and 760 m.m. A gas 
under these conditions is said to be nafmoL 

The formul» given in this and the succeeding section 
only apply to normal gases ; hence, when necessary, the gas 



INTRODUCTION, 37 

under consideration must be rendered normal by uaing the 
formula : — 

And conversely the volume found by these formule is 
normal and must be reduced to the required temperature 
and pressure by 

T^ _ t; (273 + y) 760 
^■" 273 "" P • 

It has already been stated in (9) that the density of 
a substance is the mass of unit-volume of it, but in the case 
of gases the cubic centimetre and gram, which are used in 
the case of solids and liquids, are not convenient units. 

In the case of gases, the litre —1000 ac. is taken as 
the unit of volume, and the mass of one litre of normal 
hydrogen, called a crith = *0896 gram, is taken as the unit 
of mass. 

The density of a gas then is the number of criths con- 
tained in one litre of it measured at 0^ 0. and 760 m.m. ; 
or the number of times it is heavier than an equal volume 
of hydrogen. 

Hence the mass in grams of a litre of any normal gas 
can be fpimd by multiplying its density.by •0896. " 

Thus the density of carbon monoxide being 14, a litre of 
carbon monoxide weighs 14 x *0896= 1*2544 grams. 

It is found that with few exceptions the density of any 
elementary gas is expressed by the same number as its 
atomic weight, and that of any compound gas is ex- 
pressed by the same number as half its molecular weight. 
Thus: — 
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Hydrogen H ±= 1. Density 1, or 1 litre weighs I crith; 
Oxygen 0= 16. Density 16, or 1 litre weighs 16 criths. 
Nitrogen 1^= 14. Density 14, or 1 litre weighs 14 criths. 
Ammonia NH3 =17. Density 8*5, or 1 litre weighs 8*5 criths. 
Marsh gas CH^= 16. Density 8, or 1 litre weighs 8 criths. 
Carbon dioxide CO, = 44. Density 22, or 1 litre weighs 

22 criths. 

If the density be doubled, or, in other words, if the unit 
of hydrogen be taken as 2 instead of 1, the double-density 
of almost every gas is expressed by the same number as its 
molecular weight. 

The densities of gases used to be referred to air, which is 
14*436 times as heavy as hydrogen. In such a case, to find 
the density referred to hydrogen, multiply the density referred 
to air by 14436. 

Thus sulphur dioxide is 2*22 times as heavy as air: find 
its density and molecular weight. 

14-436 X 2-22 = 32-042 is the density referred to hydrogen, 

and 
32*042 X 2 = 64-084 is the molecular weight. 

If the density of a gas referred to air is given, to find 
the mass of one litre of it, multiply the given density by 
1*293, the mass in grams of one litre of normal air. 

Thus carbon dioxide is 1-529 times as heavy as air, to 
find the mass of one litre of it 

1-529 X 1-293 = 1-977 grams. 

Conversely, if it be required to find the density referred 
to air from that referred to hydrogen, multiply the density 
referred to hydrogen by -06926, the density of hydrogen 
referred to air. 
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Thus nitric oxide is 15 times as heavy as hydrogen : how 
many times is it heavier than air? 

15 X -06926 = 10389.. 

Owing to their molecules being broken up by heat at 
temperatures but little above their bodling points, about fif- 
teen substances form vapours having densities either half or 
two-thirds of the number obtained by halving their molecular 
weights. And in a few other cases the density of the vapour 
is expressed by the same number as the molecular weight. 

The more important of these exceptions are : — 

Mercury 100. Nitrogen tetroxide 23. 

Cadmium 56. Arsenic trioxide 198. 

Phosphorus 62. Mercurous chloride 118. 

Arsenic 15t). Hydrogen sulphate 24 '5. 

Nitric oxide 15. Ammonium chloride 13 '4. 

Phosphorus pentachloride 52. 

Chlorine trioxide 29*7. 

Chlorine tetroxide 33*8. 

(18) VOLUME AND MASS OP GASES. 

It is found by experiment that 22*32 litres of any normal 
gas weigh a number of grams equal to the number express- 
ing the molecular weight of the gas. Thus 

22*32 litres of hydrogen (H, = 2) weigh 2 grams. 



22-32 


ij 


oxygen 


(0. = 32) 


99 


32 „ 


22-32 . 


n 


nitrogen 


(N.= 28) 


99 


28 „ 


22-32 


99 


chlorine 


(CI, = 71) 


99 


71 „ 


22-32 


99 


ammonia 


(NH.= 17) 


99 


17 „ 


22*32 


» 


marsh-gas 


(CH,= 16) 


99 


16 „ 


22-32 


99 


carbon dioxide 


(CO. = 44) 


99 


44 „ 


22*32 


>» 


cyanogen 


(CA = 62) 


99 


52 „ 
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This Tolume 22*32 litres is commonly spoken of as *Hwo 
volumes" and expressed bj the symbol od. 

If great accuracy is not required, the more convenient 
number 22*4 litres may be used instead of 22*32 litres. 

Since 22*32 litres of any gas weigh its molecular weight 
in grams, a litre of any gas weighs its molecular weight in 
grams divided by 22*32, and one gram of any gas occupies 
22*32 litres divided by its molecular weight. 

Hence the mass in grams of any volume of a gas can be 
found by multiplying the number of litres of it by its mole- 
cular weight and dividing by 22*32. 

Thus, to find the mass of 250 litres of chlorine (01.= 71), 

Conversely the volume in litres of any gas can be found 
by multiplying the number of grams of it by 22*32 and 
dividing by the molecular weight. 

Thus, to find the volume of 225 grams of hydrogen sid- 
pHde(H,S=34), 

225x22*32 ,.^^,.x 
s-i = 147*7 htres. 

Find the mass of 80 litres of oxygen (O, = 32) measured 
at 52* C. and 740 m.m. 

The gas must be reduced to 0° C. and 760 m.ni. 

80x273 740 32 8880 ^^.- 
273TI2 ^ 760 " 22^= -95- = ^^*^^^"^ 

What volume at 13'*C. and 750 m.m. is occupied by 14*2 
grams of chlorine (CI, = 71)1 

14*2x22*4 273 + 13 760 1510*08 ^ -, ,.^ 
71 ^ "-273- ^750= -225- = ^'^^^^^^^ 
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(19) EQUATION AND VOLUMES OF GASES. 

When the volume of one gas is given and that of another 
gas is. asked, since each molecular weight expresses Hwo 
volumes' of the gas, the result may often be obtained directly. 

Thus, what volume of hydrogen chloride is formed when 
10 litres of chlorine combine with hydrogen 1 

CI, + H, :. 2HC1. 

CD CD 2 en 

Two volumes of chlorine form twice two volumes of hydro- 
gen chloride, hence 10 litres of chlorine form 2 x 10 = 20 litres 
of hydrogen chloride. 

If 10 litres of hydrogen at 15° C. are burnt, what volume 
of steam at 300* C. is formed 1 

H, + O = H,0. 

OD o m 

The volume of the steam would be equal to that of the 
hydrogen, if the temperatures were the same; making the 
correction for the change of temperature 

10(273 + 300) 5730 i^qo^v* 

When however the mass of a solid or liquid is given or 
asked, and the volume of a gas is asked or given, the equa- 
tion can only be solved in terms of the mass of the ga& 

Hence from the given volume the mass of the gas must 
be found by either of the last sections and the equation 
solved in the ordinary way. 
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Thus, how much lead sulphide can be precipitated by 17 
litres of hydrogen sulphide % 

H,S + Pb2N0, = 2HNO3 + PbS. 
34 239 

17 X 34 
17 litres of hydrogen sulphide weigh ^^^ grams. 

34 grams of hydrogen sulphide precipitate 239 grams of 
lead sulphide. 

1 gram of hydrogen sulphide precipitates 3^- grams of 

lead sulphide* 

""99^" S^™'^ ^' hydrogen sulphide precipitate 

^^ X -^ = 181*3 grams of lead sulphide. 

How much phosphorus can be obtained by intensely 
heating 10 c.c of hydrogen phosphide ? 

2PH, = 2P + 3H,. 
2x34 2x31 

10 ac. of hydrogen phosphide weigh '01 x 17 x •0896 gms. 

. '01xl7x'0896x2x31 .r^.^c.^^^^ 
•• 2x34 = -01389 grams. 

Or if the volume of a gas is asked, the mass of the gas is 
found from the equation in the ordinary way, and its volume 
is then calculated by the last section. 

Thus, what volume of sulphur dioxide is formed on burn- 
ing 8 gitims of sulphur? 

S + 0, = SO,. 
32 64 
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Q CIA 

.'. 8 grams of sulphur form —^ — grams of sulpliur di- 



oxide. 

—^ — grams of sulphur dioxide occupy 

-32- ''^ = ^"^^^*"'- 

10 grams of carbon are burnt: what volume of carbon 
dioxide at Sd'^G. and 380 m.m. is formedl 

C + O, =r CO,. 

12 44 

10x44 
10 grams of carbon form — ^9 — grams of carbon dioxide. 

— r^r — grams of carbon dioxide occupy 

10x44 22-4,., 

-12- "-4r^^*^^' 

at 0* 0. and 760 ULm., which become at 39^ C. and 380 m.m. 

10 X 44 224 (273 + 39) 760 __g 
n[F" 4F^ — 273 ^380-*^^^^*^®^- 



*(20) THE MASS OF A MOIST GAS. 

If the volume of a gas be measured, when it is saturated 
with the vapour of water, the pressure measured is due 
partly to the gas and partly to the steam. 

The tension of aqueous vapour (F) varies very rapidly 
with the temperature and must be found from tables (cf. 
Table iv.). 
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If V be the measured volume of gas and moisturei in ac. 
at f 0. and H m.m., d being the density of the gas and F the 
tension of aqueous vapour at ^ C, 

^, * ^1. . ((£ X 0000896) H^F , 

the mass of the gas is v ^ ^ .06367^ "^ "760~ ^'^^^ 

the mass of the aqueous vapour contained is 

•000806 F 

"" 1 + -00367^ ^ 760 ^"^^ 

Thus, to find the mass of nitrogen and of aqueous vapour 
in 200 ac. of moist nitrogen measured at 15® C. and 730 m.m. 
(F= 12-7), 

^ 200 (14 X -0000896) 730-12-7 
»"■ (1 + -00367 X 15) "^ 760 

= '2246 grams of nitrogen; 

_ 200 (-000806) 12-7 
« ■" (1 + -00367 X 15) ^ 760 

= -00255 grams of aqueous vapour. 



♦(21) THE DIFFUSION OF GASES. 

Qraham's Law. The volumes of two gases, which diffuse 
in equal times under the same circumstances, are inversely 
proportional to the square roots of their densities. Or, 
when two gases diffuse through the same apparatus for equal 
times under similar conditions, the volume of the one gas 
diffused multiplied by the square root of its density is equal 
to the volume of the other gas diffused multiplied by the 
square root of its density. 
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4 litres of hydrogen diffuse through an apparatus in 10 
minutes, and 1 litre of oxygen diffuses in an equal time under 
similar conditions : find the density of oxygen« 

••. 2>=16. 

10 litres of oxygen (O = 16) diffuse through a certain 
apparatus in a certain time. What volume of hydrogen 
iodide (HI = 128) will diffuse in an equal time under similar 
conditions f 

The density of oxygen is 16, and that of hydrogen iodide 
64. 

rj6i = 10 n/16; 

^ .^JTe 10x4 ^,.. 
r=10-7== — ^— = 6 litres. 

And how much ammonia (NH, = 17) would diffuse under 
similar conditions t 

rV8^=10N/l6, 

r=^?=2i = 13-7Utre8. 
JS'5 

The law of effusion, or of the passage of gases through a 
minute hole in a thin plate, is identical with that of diffusion. 



♦(22) THE DETERMINATION OF VAPOUR 

DENSITIES. 

Since the double-density of a vapour referred to hydrogen 
is expressed by the same number as its molecular weight, 
the approximate determination of vapour densities is h sub- 
ject of considerable importance to Chemists. 
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The density of a vapour is usually determined by finding 
how many times a certain volume of it is heavier than an 
equal volume of hydrogen, imder the same conditions of 
temperature and pressure. Numerous methods for accom- 
plishing this have been proposed, but they may almost all be 
classified under two heads: — 

(i) In the methods of Gay Lussac, Hofmann, Victor 
Meyer, and others, a known mass (Jf grams) of the substance 
is heated in an enclosed space, and the volume (F c.c.) of 
its vapour at T^ C. under the barometric pressure JJ m.m., 
in some cases increased or decreased by a column of mercury 
&c. equivalent to A m.m. of mercury, is measured. 

If the vapour is measured over mercury at a high tem- 
perature the tension f due to the mercury-vapour must be 
subtracted from the pressure on the vapour. 

rG. = io(fo. 120" c. 140" a leo^a iso^c. 200? o. 

/=-746m.m. 1-534 306 5-9 11 19-9. , 

The pressure of h m-m. of mercury at T^ C. is equivalent 

to the pressure of = /^/^/^■./^/n m.m. at the temperature of 

^ 1 + '00019 r 

o"a 

(At 448" C. the density of fusible alloy is about f of that 
of mercury at 0® C.) 

The vessel is usually of glass and graduated at O^C, hence 
at T" C. the volume of the vessel becomes V{1 + 0000357). 

The mass of an eqttial volume of hydrogen under the 
same conditions as the vapour would be : — 
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Hence the denaitj of the vapour is found from the 
formula : — 

M(\ 4- -00367^) X 760 

F (1 + -OOOOST) {H:^ rT^050T95') ^ '^^^^^^ 

The following numbers were obtained in the determina- 
tion of the vapour-density of ethyl-propinyl (O3H9O = 84) by 
Hofmann's method : 

M— 0518 grams, 

V = 62-5 C.C., 

^ = 100*0., 

ir = 752-5 m.m., 

h = 484 m.m. 

-0518 (1 + -367) X 760 



52-5 (1 + -003) (752-5-476) x -0000896 
•0518x1-367x760 



52-5 X 1-003x277-5 x -0000896 



= 4M. 



(ii) In the methods of Dumas, Deville and Troost, 
and others, a vessel, usually a glass globe holding V c.c. 
at 0*^ C, is weighed full of dry air at t^ C. and ff^ m.m. Sup- 
pose that it weighs w grams, 

A quantity of the substance is placed in the globe, which 
is heated to 2^ C, and closed when no more vapour issues 
from it under the pressure ff^. 

It is cooled; cleaned, and found to weigh W grams. 

The vessel is opened under mercury and its volume F c^c. 
at 0^ C. determined by measurement and calculation ; if all 
the air has not been expelled^ the volume v c.c. of the 
residual air at ^/ C. and ff^mm. is determined. 

If the vessel is of glass its volume V c.c. at 0® 0. be- 
oomes at ^ 0. 7(1 + -OOOOS^,) and at T^C, 7(1 -f 00003^), 
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The mass of the air which filled the vessel during the 
first weighing is 

F(l + '00003<^) X Fi ^ -0012932 

(1 + -003670 X 760 ^^^' 

Hence the true mass of the vessel alone is 
r(l + '00003^0 xjg.x -0012932 
*^ (1 + -00367^0 >< 760 ^"^ 

and the true mass of the vapour is 

^ Va + -00003^.) x ^1 X -0012932 
^-^^ (1^-00367^x760 ^^^ 

But the mass of a volume of hydrogen equal to and 
under the same conditions as the vapour at the moment 
of sealing the vessel is 

r(l H- -00003^) X g, X -0000896 

(1 + -003675^ X 760 ^^"^"^^ 

And hence the density of the vapour is found to be 

^ 7(1 + -000030x5^1 X -0012932 

^ (1 + -00367O X 760 

r(l 4- -00003^) X Zr, X -0000896 
(1 + -00367^ X 760 

The presence of residual air must be avoided as far as 
possible, since it is apt to render the results untrustworthy. 
The mass of the vapour found above is too great by the mass 
of the residual air, which must therefore be subtracted from 
the numerator of the fraction. 

.,, . . <?x 5, X (-0012932) 
The ma^s of the air is ^^ ^ ^^^^^^^^ ^ ^^^ grams. 

The volume of the vapour and therefore the volume of 
the hydrogen has been taken too large by a volume equal to 
the voluttie, which the residual air occupied at the moment 
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of closing the vessel. Hence the mass of this volume of 
hydrogen must be subtracted from the denominator of the 
fraction* 

The mass of this volume of hydrogen is 

p X ^, X (0000896) 

(i + -00367gx760^i*™* 

Hence the complete expression becomes 

^_ 0012932 r rg-f'OooosQxg; _ v^n^ ) 

i>= 760 I (1+O0367<^) (1 + -003670/ 

'0000896 / F^(l + •000031') x/f, i; x ZT, \ . 

760 I (l + -00367r) (1 + •00367<,)) 

If great accuracy is not required this formula may be 
considerably simplified; thus if ^, = ^y and both are small 
and also \iH^-H^ = H^ the formula becomes 

r-.. 000464^ (^) 

V 

\Tn 

The following results were obtained for common alcohol 
(C,H,0 = 46) by Dumas' method :— 

Mass of globe and dry air at 13*9^ 0. to = 76*9174 grams. 
Mass of globe & vapour sealed at 100® C. Tr= 77-0470 grams. 

Volume of the globe 7=449-32 c. c. 

Volume of residual air at 13-9* C t? = 3-277 c. a 

Height of the Barometer ir=739m.m. 

(446-043\ 



-00003216^(5^3-^^-^) 



•00003216 X 739 (-3^ -286:g) 
= 23*97 instead of the more nearly correct 23*4. 



•027565 
L. a A. 4 
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(23) HEAT. 

Heat is one of the forms in which energy shews itself, 
and probably consists in the relative motion of the particles 
of matter. 

When heat Ib communicated to a body, it may raise the 
temperature of the IJody, increase or rarely decrease its 
volume, change its physical state from solid to liquid or 
from liquid to gas^ or cause it to undergo chemical change. 

The unit of heat or calorie is the amount of heat re- 
quired to raise one kilogram of water from C. to P C. 

The Specific Heat of a substance is the number of units 
of heat required to' raise one kilogram of it from 0*^ C. to 1^ G. 
' With few excepti(His the specific heats are less than unity. 

Bulong and Petit's Law. The specific heat of an ele- 
ment in the solid condition multiplied by its atomic weight 
is called the atomic heat of the element, and is found in the 
majority of cases to be nearly 6*4. 

Hence, if 6 '4 be divided by the specific heat of an ele- 
ment, a number approximately equal to its atomic weight ia 
obtained. 

Thus the specific heat of s6lid mercury is '03192. 
.-^=200-6. Hg=200. 

Elements (except oxygen, carbon, hydrogen, boron, and 
silicon), when they have entered into combination, appear 
to keep the same atomic heat, which they possessed when 
in the free condition. 

Thus Potassium Chloride KCl 6*4 + 6 4 = 12-8. 

Specific heat -17295 x 74*6 (molecular weight) = 13-2. 

But many more experiments are needed before any 
accurate law can* be ht)ped foiC 
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The specific heat of gases under constant pressure is the 
one usually given in tables. The specific heat ai constant 
volume of gases, the molecules of which consist of two 
atoms, may be found by dividing the specific heat under 
constant pressure by 14. 

When a solid passes to the liquid or a liquid to the 
gaseous condition, a considerable amount of heat is absorbed 
and converted into a greater kinetic energy of the particles 
of the body. The heat so absorbed is spoken of as the 
latent heat of the liquid, or the gas, since it produces no 
change in the temperature of the body. 

Heat can be converted into work and conversely work 
into heat. When proper precautions to avoid loss are taken, 
the one form of energy always produces the same equivalent 
quantity of the other. The amount of heat which raises 
one kilogram of water from 0® C. to P C. is able to do work 
equivalent to lifting 425*4 kilograms through a metre in 
opposition to gravity. 

Hence the mechanical equivalent of the unit of heat 
is 425 '4 kilogram-metres. This is signified by «/*. 

Conversely the thermal equivalent of the unit of work 

is y = -00235 units of heat. 

Thus to find how many kilograms could be raised through, 
950 metres by the heat given off by 50 kilos, of copper 
(sp. ht -095) in cooling from 200« C. to 0' 0. 
The heat evolved is 

50 X 200 X -095 units, which can do 
50 X 200 X 095 X 425*4 units of work, 
If 86 be the number of kilograms which can be raised, 
jB X 950=; 60 X 200 x -095 x 425*4, 
a;s 425*4 kilos. 

4—2 
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♦(24) HEAT OF CHEMICAL ACTIOK 

When chemical action takes place heat is either evolved 
(exothermic reactions) or absorbed (endothermic reactions) 
according as the substances resulting from the reaction are 
more or less stable than those which have entered into it 

It is usual to express the results of the experiment by 
giving the amount of heat evolved or absorbed either in 
units of heat (kilogram-degrees) or in gram-degrees, when 
a number of grams of each substance is taken equal to the 
multiple of the atomic weight of the substance, which enters 
into the reaction. 

Thus (H, CI) = 22 means that 1 gram of hydrogen in 
uniting with 35*5 grams of chlorine evolves 22 units of 
heat. 

(H,, O) = 69 means that 2 grams of hydrogen in uniting 
with 16 grams of oxygen give off 69 units of heat 

If the reaction takes place in presence of excess of water, 
or if a substance is dissolved in excess of water, the indeter> 
minate quantity of water is expressed by Aq. 

Thus (NH3, Aq) = 8 means that 17 grams of ammonia, 
while dissolving in water, give off 8 units of heat. 

When during a reaction heat is not evolved but absorbed, 
its amount is preceded by a minus sign. 

Thus (C,, HJ = — 10*8 means that during the f(»inatiott 
of ethene from 24 grams of carbon and 4 grams of hydrogen 
10*8 units of heat are absorbed. 

In the important class of cases in which substances bum 
or combine with oxygen the following special terms are used. 

The ealoriJiG power of a substance is measured by the 
number of units of heat evolved when 1 kilogram of it is 
burnt in oxygen. 
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The cahrific intensity of a substance is measured by the 
temperature to which it can raise the products of its own 
combustion. 

If a kilogram of a substance in burning evolves Q units 
of heat, and forms products the masses of which are 
^ti ^89 ^8' ^^'' ^^^ their specific heats «,, s^y s^, &c., 

the calorific intensity /= — ; — . 

wi,«, + mj^ + w.«. + Ac. 



'l"! • •"«"« • "'8 8 



Thus to find the calorific intensity of carbon, the calorifio 

power of which is 8080, the specific heat of carbon dioxide 

being -202. 

C + 0,= CO,. 

12 kilos, of carbon form 44 kilos, of carbon dioxide^ 
1 kilo. „ forms ^ „ „ „ 

Henoe7=«^^=10909-C. 
•202 X 44 

From the calorific intensity the pressure exerted by a 
mixture of gases exploded in a closed space may be calculated 
by finding first the temperature to which the mixture is 
raised by its own combustion, next the volume which the 
products of combustion would occupy at that temperature, 
and lastly the pressure required to compress the products of 
combustion within the volume of the enclosing vessel 

Thus to find the explosive force of a mixture of carbon 
monoxide and oxygen: — 

A kilogram of carbon monoxide in burning evolves 
2400 units of heat and forms ^ kilos, of carbon dioxide 
having the specific heat at constant volume 0*17. 

Hence / = ^/?^ "" ,^? = 9000^ C. nearly. 
017 X 44 ' 
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In combining two volumes of carbon monoxide and one 
Tolume of oxygen contract to form two volumes of carbon 
dioxide; hence 1 volume of the mixed gases forms onlj § 
volume of carbon dioxide. But this f volume when heated 
to 9000'' C. becomes 



2 

T 



U . 11x9000 ) 2x34 ^_ . 

r 3000 / 3~" = ^^'^ ''^^^'"^ 



And to reduce these 22*6 volumes to one volume requires 
a pressure of 22*6 atmospheres, which therefore is tho explo- 
sive force of the gaseous mixture. 

It must be noticed, that, as the specific heat at constant 
volume differs from that under constant pressure, each gas 
has two calorific intensities according as it is burnt in a 
closed or open space. 

There are so many assumptions, unwarranted as yet by 
experiment, in the majority of these calculations, that it is 
doubtful if the results are more than rough approximations 
tb the truth. 



(25) THE DETERMINATION OF EQUIVALENTS. 

The equivalent of an element or compound is the propor- 
tion of it, which can do the same amount of chemical work 
in combining with or replacing other elements or compounds, 
as one part of hydrogen. 

''■ The equivalent of an element is determined either by 
analysing a compound of it with an element or radical the 
equivalent of which is known, or by causing a known mass 
of it to combine with or replace another element or radical 
the equivalent of Which is known. 
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The masses of the two substances which unite with or 
replace one another are in the same proportion as the equi- 
▼aJents or as multiples of the equivalents bj small whole 
numbers. Hence knowing the two masses and one of the 
equivalents the other equivalent may be determined. 

Thus to determine the equivalent of lead, that of oxygen 
being 8, Berzelius found that 21*9425 grams of lead oxide 
contain 20*3695 grams of lead, and hence 21-9425-20*3695 
=^ 1*573 grams of oxygen* 

Since 1*573 grams of oxygen unite with 20*3695 grams 

^1 J Q c '4. .^,8x20-3695 ,^o ko/s' 

of lead, 8 grams of oxygen unite with — ., ■,_. — = 103*596 

l*o7o 

grams of lead. Hence 103*596 is the equivalent of lead. 

Again when excess of cupric oxide was heated in hydro- 
gen, the oxide lost 59*789 grams and 67*282 grams of water 

ytere formed. 

cuo + h = ho + cu. 

Since 67*282 grams of water contain 59*789 grams of 
oxygen, the residue or 7*493 grams is hydrogen. 

* Therefore 7*493 grams of hydi-ogen unite with 59*789 

59*789 
grams of oxygen, or 1 gram of hydrogen unites with ^ 

grams of oxygen. Hence 7*979 is the equivalent of oxygen* 



(26) THE DETERMINATION OF ATOMIC 

WEIGHTS. 

The atomic weight of an element is the mass of the least 
portion of it^ which can take part in a chemical change, 
compared ' with the mass of the least portion of hydrogen 
which can take part in a chemical change. If the atomic. 
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theory be admitted, the atomic weight of an element is 
the number of times its atom is heavier than an atom of 
hydrogen. 

Atomic weights are in all cases multiples of the equiya- 
lents of the elements by small (I — 8) whole numbers. 
Whidi multiple is to be chosen is determined by a careful 
consideration <^ all the reactions into which the element is 
known to enter, with the object of detecting the smallest 
multiple of the equivalent which may be considered to take 
part in each case; special attention being paid to compounds 
with monovalent elements or groups. 

Further assistance is rendered by the isometric law of 
Mitscherlich; that, '^ Bodies, which are composed of the same 
number of similar atoms arranged in the same manner, crys- 
tallize in similar forms." And also by the law of Dulong 
and Petit; that, '^ 6*4 divided by the specific heat of an 
element in the solid condition gives a number which is 
approximately equal to the number expressing the atomic 
weight of the element." 

There are however somewhat numerous exceptions to 
both these laws. 

Thus to find the atomic weight of lead, the equivalent of 
which has. been found to be 103*596. 

The choice has to be made between the various multiples 
by I, 2, 3, 4, &c. or 103-696, 207-192, 310-798, 414-384, Ac. 

The specific heat of lead is found to be *0315, and 

6-4 



'0315 



= 203-1. 



Hence 207*192 is the most probable atomic weight of 
lead. 



INTRODUCTWir. 57 



(27) THE DETERMINATION OP MOLECULAR 

WEIGHTS. 

In considering the methods of finding the symbols of 
bodies, which represent their molecular weights, it is con- 
venient to consider first the case of compounds and then 
that of elements. 

The molecular weight of a body is the number of times 
which the mass of the smallest portion of it, which can exist 
by itself or in the free state, is heavier than the atom of 
hydrogen. 

When a compound is analysed, the results are usually 
calculated into percentages or parts of each element present 
in 100 parts of the compound. If then the proportion of 
each element present be divided by the atomic weight of 
that element, the quotients express the relative number of 
atoms of each element present in the compound. 

Thus hydrogen phosphide is found to contain: — 

91*18 
Phosphorus 91*18, = 2*94 times P present. 

Q.Q9 

Hydrogen 8*82 — -^ = 8*82 times H present. 

Too^' 

[When water is present as water of crystallization, it is 
usual not to calculate the number of atoms of hydrogen and 
oxygen separately, but to reckon it as though it were an 
element, H,0 = Aq = 18.] 

To accord with the atomic theory the proportions ex- 
pressed by these quotients must be expressible by whole 
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numbers usually small. If simple inspection affords no clue 
there are three methods of effecting this reduction :--- 

(i) Divide each quptient by the smallest quotient, all 
then frequently become whole numbers or may be made so 
by multiplication in each case by the same number. 

Thus in the case taken above : — 

inn = 1P> TTnTA = 3H, and the formula is PH.. 
2*94 2-94 * 

(ii) Write instead of one quotient an easily divisible- 
numberj such as 6, 12, 28, 60, 210, 360, and alter the other 
quotients in the same proportion. Division by the greatest 
common measure then frequently gives the small whole 
numbers required. 

Thus crystallized ferrous sulpbate is found to contain: — 
Iron2015, -^ >c -^^^=3-.o = l. 

Sulphur 11.51, l^xi^« = 3.3 = l. . 

OQ.AO 

Oxygen 23-02, ^^ , replace by 12 = 12 -r 3 = 4. 

T^ .'a A ot 44-31 12x16 „, ^ ^ 
Water44-31, _— x-^g:^ =21 ^3 = 7. 

Hence the formula is PeSO^ . 7Hj,0. 

*(iii) It occasionally happens, usually in the case of 
organic compounds, that the ratio between the quotients is 
too complicated to be conveniently reduced by either of the 
foregoing methods. The continued fraction (Sect. 6) ex- 
pressing.the ratio between two of the quotients must then be- 
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found, and that convergent selected, which expresses the ratio 
in the lowest terms within the limits of experimental error. 

Thus common sugar is found to contain : — 

42-11 
Carbon 42*11, and -^ = 3'51 atoms of carbon. 

VZ 

*• 6*43 

Hydrogen 6*43, and -= — =6*43 atoms of hydrogen. 

51*46 
Oxygen 61 '46, and ^ =3*215 atoms of oxygen. 

In this case the number of atoms of hydrogen is double 

f. ■ 

of the number of atoms of oxygen, and only the ratio of the . 
number of atoms of carbon to the number of atoms of oxygen 
has to be reduced. 

3*61 702 

o.oi;> = ^tq being worked out as a continued fraction gives, 

643)702(1 
643 



59)643(10 
690 

53)59(1 
53 



6)53(8 
48 

7)6(1 
5 



Hence the quotients are 1, 10, 1, 8, 1, 
and the convergents \y\hi H' W 



• 



60 INTRODUCTION. 

Hence the ratio between the carbon and oxygen atoms 
is probably expressed by -j[-|, and the formula of cane-sugar is 

The next step is to determine which multiple of the 
symbol obtained by either of the methods mentioned above 
is to be taken as representing the true molecular weight of 
the body. 

There are two general methods of effecting this, but in 
many cases neither is applicable. 

(i) The Physical Method: — The vapour density of the 
body is determined by one of the methods mentioned in 
(Sect. 22), and it is assumed that the double-density of the 
body is expressed by nearly the same number as the molecu- 
lar weight. 

The cases mentioned in (Sect. 17) are assumed to be' 
exceptions to the law, and a few others are known to exist. 
The use of this method of course pre-supposes that the sub- 
stance can be obtained in the state of vapour without de- 
composition. . 

Thus cuprous chloride is composed of 63*3 parts of copper 
combined with 35*5 parts of chlorine, and its molecular 
weight is expressed by CuGl = 98-8 or by some multiple of 
this number. 

But the vapour of cuprous chloride is found to be 6*93 
times as heavy as air, or its double-density is 200 08, and 
hence its symbol is CugCl, = 197 '6. 

(ii) The Chemical Method : — Some compounds or sub- 
stitution products of the substance are analysed, e.g. if it be 
an add its silver salt; if it be a base its nitrate, chloride, or 
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bromide; if it be an organic body its chlpro- orbromo-substi- 
tution compounds. 

And that formula is chosen for the body, which most 
readily expresses the mode of formation and constitution of 
these compounds. 

Thus to determine .the molecular weight of hydrogen 
acetate, which is found to contain: — 

Carbon 40 ^ = 3-3 1. 

Hydrogen 6-6 =6-6 2. 

Oxygen 53^4^ ^=^'^ ^• 
100-0 

Hence the formula is CH^O, or some multiple of this 
symbol. 

When sodium acetate is mixed with silyer nitrate, silver 
acetate is formed, which is found to contain : — 

€arbon • 14-37 ?4^ = 1 -2 nearly 2. 

Hydrogen 1-79 =1-8 „ 3. 

Silver 64-68 ^^= -6 „ 1. 

Oxygen 1916 ^=12 „ 2. 
100-QO 

Hence the most simple formula which expresses the 
oomposition of silver acetate is C^H, AgO,. 

Again, by acting on hydrogen acetate with chlorine in 
sunlight, hydrogen trichloracetate is formed, which is found 
to contain: — 
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Carbon U-68 ^^=1-22 2. ' 
Hydrogen '61 = '61 1. 

Chlorine 65-14 ^1^ = 1-83 3. 

OO'D 

IQ.KT 

Oxygen 19-57 ^!^=l-22 2. 
100-00 

The most simple formula for hydrogen trichloracetate is 
therefore C.HClgO, 

Hence it is most probable that the original hydrogen 
acetate contains at least two atoms of carbon, four atoms of 
hydrogen, and two atoms of oxygen, or that its symbol is 

The above reactions are then simply expressed as fol- 
lows: — 

NaO.H30. + AgN03 = NaN03 + AgC.H30.. 

C3HP3 + 3C1, = 3HC1 + C3HCI3O,. 

Since with four exceptions the vapour densities of such of 
the elements as have been examined in the gaseous condition 
are found to be expressed by the same numbers as their 
atomic weights ; it seems most probable that their molecular 
weights also are expressed by numbers equal to those ex- 
pressing their double-densities or by twice their atomic 
weights. . 

The elements for which the above has been shewn to be 
true are hydrogen, oxygen, nitrogen, chlorine, bromine, 
iodine, sulphur (above 1000^ C), selenium, tellurium and 
potassium. 

In the ca3es of mercury and cadmium, the density of 
their vapours is found to be only half their atomic weights, 
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or the double-density and probably the molecular weight itf 
equal to the atomic weight. 

In the cases of phosphorus and arsenic, the density of 
their vapours is found to be twice their atomic weights; or 
the double-density and probably the molecular weight is 
equal to four times the atomic weight. 

The conclusion, that in the case of the ten elements 
mentioned above the molecular is double of the atomic 
weight, is borne out by four other kinds of proof. 

(i) "When chlorine and hydrogen unite, the particles of 
chlorine and of hydrogen split up into twice the number of 
smaller particles. 

(ii) Phosphorus and carbon when burnt in nitrous oxide 
evolve more heat than when burnt in oxygen. 

(iii) Elements when just set free, in the nascent con- 
dition, are much more active than in their ordinary state. 

(iv) Seduction of oxidized bodies by oxides and of 
hydrogenized bodies by hydrides is most easily explained 
by assuming an attraction of oxygen for oxygen and of 
hydrogen for hydrogen, the two similar atoms subsequently 
uniting to form one molecule. 

*(28) THE FORMULiE OF MINERALS. 

In determining the formulae of minerals numerous difiS- 
culties are met with which do not occur in ordinary deter- 
minations of molecular weighta 

No help can be obtained from vapour density determina* 
tions, and only in rare cases can any compounds of the 
mineral be formed. The body analysed is frequently far from 
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pore and hence the results are onlj approximate^ and the 
percentages obtained do not represent the true composition of 
the mineral. The composition in many cases, especially when 
silica, alumina aad water are present together, is extremely 
complicated, part of the alumina performing basic and part 
acid functions. 

Frequently also a metal is replaced by a similar metal 
not in atomic proportions, thus ferrous iron may replace 
calcium and ferric iron aluminium in any proportion; this 
is expressed in formulae by [FeCaJ [Fe^AlJ. 

Silicates are classified by mineralogists according to their 
"oxygen-ratio,'' that is by the ratio between the number of 
atoms of oxygen supposed to be in combination with the 
metals, and the number of atoms of oxygen supposed to be 
in combination with silicon. 

Thus calcium metasilicate CaSiO. is found native as 

o 

Wollastonite, and its formula is written CaO . SiO^, the oxygen- 
ratio being 1:2. In Diopside more or less of the calcium 
is replaced, by magnesium and the formula is written 

[CaMg] O. SiO,. 

Recently however it has been proposed to bring mineral- 
ogical formulas more into accordance with modern chemical 
theories, by discarding the term 'oxygen-ratio' and replacing 
it by 'Quantivalent ratio,' which is intended to mean the 
ratio of the metallic bodies present to the non-metallic bodies 
present in respect of valency. 

Thus Wollastonite would now be regarded as a dyad 
metal, calcium, united by two atoms of oxygen to an atom of 
tetrad silicon, two atomicities of which are also satisfied by 
oxygen. This is expressed by the formula Ca"OgSi'^0. 
And members of the garnet family are expressed by 

([Ca]0). ([AIJO.) <SiO^, or [Ca"], [A1,"J 0„ Si.''. 
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From the use of the oxygen-ratio it became customary 
to calculate the results of analysis not into percentages of 
elements, but into percentages of oxides, and in all subse- 
quent calculations to treat the oxides just as if they were 
elements (SiO, = 60. A1,0, = 102. CaO = 56 <fcc). The for- 
mulie then were obtained by processes similar to those given 
in the last section. 

Thus to find the formula of chrysocolla which contains :-^^ 

4.4. .Qo 

Cnprio oxide 44-82 ^5^= -665 1. 
SiUoa 34-83 ^^= -M 1. 

20*35 
Water 2035 =^=1-13 2. 

100-00 

■ 

Hence the formula of chrysocolla is CuO. SiOj. 2HgO. 

If one or more similar oxides are present in small pro- 
portion, they have probably replaced one another, and must 
all be reduced to terms of one of them, by adding the num- 
bers representing the ratio of their molecules present, before 
the calculation can be proceeded with. 

Thus a brown deposit of sinter was found to contain 
SiHca 18-98 i^= -316 -316 1, 



60 

25*11 
Manganic oxide 25-11 . ^ = '16 

Ferric oxide 22-9 —^ = '143 



> -303 1. 



Water 33 ^ =1-83 1-83 6. 

lo 
L. C. A. 5 
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Hence the formula of the sinter is 

[Fe.MnJ03.SiO,.6H,0. 

In the case of silicates containing alumina it is often 
impossible to determine except from theory what proportion 
of the alumina is basic and what proportion is acid in its 
functions. 

A sample of Andalusite was found to contain : — • 

Q7.K7 
SiHca 37-57 ^^ = -626 -626. 



Alumina 5&-88 ^^=-587 
Ferric oxide i-33 ^ = -008 

Lime 0-61 ^ = -Oil 



^ -595. 



•IT 
Magnesia 0-17 -r^ =-004 



56 

or 



•015. 



Hence, neglecting the small proportions of Lime and 
Magnesia, which are probably present as silicates and hence 
raise the ratio of the silica, the formula of the mineral is 



Al,03 . SiO^ 



Li Andistlusite a portion of the alumina is probably basic 
and a portion acid, the rational formula being: — 



/ *1 xVr r(SiO.)/ 
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*(29) THE SOLUBILITY OF SOLIDS. 

Though many experiments on the solubility of solids in 
Uquids have been made, no general law connecting chemical 
composition and solubility has yet been discovered. Water 
is by far the most general solvent, and with it alone suffi- 
cient experiments have been made to justify any attempt 
at a general law. 

When solids dissolve in water heat is generally absorbed 
by the solid in passing to the liquid condition. But if the 
substance previously combines with water to form a hydrate 
which subsequently dissolves, the heat evolved in the forma- 
tion of the hydrate may supply or more than supply the 
quantity required for the solution of the solid. 

The volume of the solution is generally less than the 
volumes of the solid and liquid together, and its boiling- 
point is usually above 100® C. 

The solubility of a solid is usually measured at any 
temperature f C, by the number of grams {x) of the solid 
which 100 grams of water will dissolve. 

If the mass of any saturated solution be if grams, and 
m grams of the salt are dissolved in it 

Jf - m \m ',1 100 : x ; 

100 m 

And if y be the number of grams of water required to 
dissolve 1 gram of the substance, 

X : 100 :: 1 : y, 

100 



» = 



5—2 
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If 100 grams of the solution contain n grams of the salt, 

100- w :n :: 100 : a?, 
lOOn 

*""ioo^- 

Generally speaking the solubility of the substance in- 
creases with and more rapidly than the temperature of the 
water, so that^ 

where Oyh, c and d are constants depending upon the nature 
of the substance under consideration. 

In the great majority of cases 5, c, and d have not been 
accurately determined ; in a few cases e. g. calcium hydrate 
and strontium sulphate the solubility decreases as the tem- 
perature rises or 5, c, and d are affected with minus signs. 

In a few other cases, e.g. sodium and calcium sulphates, 
the solubility increases up to a certain temperature and 
then decreases. This is due to the formation of different 
hydrates at different temperatures, each hydrate following 
its own law of solubility. 

Thus below about 18° C. the sodium sulphate is in the 
condition of the sept-hydrated salt Na^SO^ . TH^O, between 
18*0. and 35*0. in that of the ordinary Glauber's salts 
Na,SO^. lOHjO, while at temperatures above 34:* C. the 
salt is in the anhydrous condition as Ka^SO^. 

Gay Lussac found for the solubility of potassium nitrate 
X = 13-82 + 0-574< + 0-0172^* + 0-0000036«». 

, How much potassium nitrate will dissolve in a kilogram 
of water at 100* C? 

aj= 13-82 + 57-4 + 172 + 3-6 = 24682 grams in 100 grams 
of water, hence a kilogram of water will dissolve 
246-82 X 10 » 24^68*2 grams of the salt. 
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And in how many parts of water at 100* C. is one part of 
potassium nitrate soluble ? 

246-82 : 100 :: 1 : y, 

.«. y = -40516 part of water. 

Liquids may be quite insoluble in one another, and when 
shaken together separate into two distinct layers e.g. water 
and mercury ; or they may mix together in all proportions 
e.g. water and alcohol ; or they may separate into two 
layers, the lower one consisting chiefly of one liquid mixed 
with a definite proportion of the other, and the upper one 
consisting chiefly of the second liquid mixed with a definite 
proportion of the first liquid e. g. water and ether. 

No general numerical rules concerning the solubility of 
liquids have yet been obtained. 



♦(30) THE SOLUBILITY OF GASES IN LIQUIDS. 

Gases are absorbed by water, when they do not act 
chemically upon it, in quantities depending upon three con- 
ditions: 

1st. The nature of the gas. The volume of each 
normal gas absorbed by one Yolume of water at 0^0. is 
called the absorption coefficient of that gas. 

2nd. The pressure on the gas. The quantity of a gas 
absorbed varies directly as the pressure upon it : or, equal 
volumes of the same gas are absorbed at all pressures. 

3rd. The temperature. With few exceptions the 
volume of gas absorbed decreases as the temperature in- 
creases. 
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The volume of a gas absorbed at any temperature f C. 
can be expressed by the empirical formula 

Thus one volume of water between O^C. and 20^ C. 
absorbs of 

Hydrogen F= 0-0193. 

Nitrogen r=0-020346-0O0053887^+0O00011156«'. 

Oxygen F= 0-04114 - 0-00109* + 0-0000226<'. 

Carbon dioxide F= 1-7967 - 007761« + 0-0016424^. 

Oxygen and \ 
nitrogen froml 7= 0-02471 - 0-0006525^ + 0-00001345^'. 
air ) 



If two or more gases are mixed together, the absorption 
of each constituent is proportional to the pressure to which 
it is separately subjected. 

Thus suppose a large excess of air be shaken up with 
water at 0^ 0. in what proportions per cent, are the oxygen 
and nitrogen absorbed ? 

100 volumes of air contain nearly 21 volumes of oxygen , 
and 79 volumes of nitrogen. 

Hence the pressure on the oxygen is -^^ of the total 
pressure, and the pressure on the nitrogen is ^^ of the 
pressure. 

The volume of oxygen absorbed by 1 volume of water 
is YTvA volume, and the volume of nitrogen absorbed 

, , , i. X . -020346x79 , 

by 1 volume of water is ^^ volume. 
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Hence 2*471274 volumes of gas are absorbed by 100 
volumes of water, of which 0*86394 volume is oxygen and 
1*60733 volumes are nitrogen. 

And the percentage composition of the gas absorbed by 
water is 

Oxygen 34*9 per cent, by volume. 
Nitrogen 65*1 „ „ „ 



♦LOGAEITHMIC ARITHMETIC. 

(31) TO FIND THE LOGARITHM OF A NUMBER 

FROM TABLES. 

The common logarithm of a number is the power to 
which 10 must be raised to be equal to the number. 

If 10' = N. a? is the logarithm of N. 

A logarithm may be either a whole number, a decimal 
or a mixed number. The part of a logarithm which is a 
whole number is called the characteristic, and the part 
which is decimal is called the mantissa. 

Since 1 = 10", logl =0, 

10=10^ log 10 «1, 

100 = 10', log 100 =2, 

1000 = 10", log 1000 = 3. 

Hence the characteristic for a number greater than 
unity is one less than the number of figures in the integral 
part of the number. 

When a characteristic is negative the minus sign is 
written over and not before the characteristic, to shew that 
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it affects only the characteristic and not the mantissa, 
which always remains positive. 

Since -1 = ^ = 10"^ log -1 =1. 

•01=^ = 10-, log -01 =2. 

'^^^ = 1^=^^" log -001 = 3. 

The choitusteristic of a decimal is negative and is one 
more than the number of ciphers following the decimal 
point. Or the characteristic of a decimal is represented by 
the same figure as the place of the first significant figure 
reckoned from the decimal point. 

The characteristic is not given in the tables and must be 
determined by the above rules. 

The mantissa, or decimal part of Uie logarithm, is found 
in the tables, and is always the same for the same figures 
wherever the decimal point may come. 

Thus log 2 = -3010, log -2 =1-3010, 

log 20 =1-3010, log -02 =2-3010, 

log 200 =2-3010, log -002 =3-3010, 

log 2000 = 3-3010, log -0002 = 4*3010. 

Logarithm tables of different sizes may be obtained 
giving the mantissae to 7, 6, or 5 decimal places. Generally 
speaking the results obtained are correct to one figure less 
than the number of figures in the mantissse of the logarithms 
used, the succeeding figure being only approximate. 
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For chemical purposes tables giving the mantisssd to four 
figures are usually sufficient, such tables give results correct 
to the third figure and nearly so to the fourth figure* 

To find in such a table the logarithm of a number con- 
sisting of three figures, look for the first two figures ia the 
vertical column of numbers, and for the third figure look at 
the top of the page. Of. Table XII. 

The required mantissa will be found where the row and 
column meet. Prefix the characteristic. 

Thus log 64 = 1-8062, log 647 = 2-8109. 

If the number consist of four figures, find the mantissa 
corresponding to the first three figures as given above, look 
along the same row into the subsidiary table on the right 
hand side of the page until the column under the fourth 
figure is reached, and add in the small logarithm found 
there. 

Thus log 6473 = 3-8109 + 2 = 3-8111, 
log 6599 = 3-8189 + 6 = 3-8195. 

The reason for adding in these small logarithms to 
represent the fourth figure is as follows : — 

The logarithm of 6470 is 3-8109, 
and the logarithm of 6480 is 3*8116. 

Hence a difference of 10 in the last two figures of the 
number produces a difference of 7 in the last figure of the 
logarithm, or a difference of 1 in the fourth figure of the 
number produces a difference of *7 in the fourth figure of the 
logarithm. 

* Logarithm cards to 4 figures price 6(2. may be obtained from 
Mr J. 0. Wilbee, bookseller, Harrow. 
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Hence a difference in 
the fourth figure of 

produces a difference in the 

logarithm of 
or taking the nearest whole 

numbers of 



1 



2 


3 


4 


5 


6 


7 


8 


1-4 


2-1 


2-8 


3-5 


4-2 


4-9 


5-6 


1 


2 


3 


3 


4 


5 


6 



_9^ 
6-3 



Hence these small additions to the logarithms are spoken 
of as differences, they are nearly though not exactly pro- 
portional to the differences between the numbers. 

(32) TO PIND A NUMBER FROM ITS 

LOGARITHM. 

Keglecting the characteristic, find in the tables the 
mkntissa next below that of the given logarithm, take for 
the first two figures of the number those at the left hand of 
the row in which the mantissa stands, and for the third 
figure of the number that at the top of the column in which 
the mantissa stands. 

To find the fourth figure of the number subtract the 
mantissa found in the tables from that of the given loga- 
rithm, and look along the row for the next smaller difference; 
the figure standing at the top of that column of differences 
is the required fourth figure of the number. 

Reckon the position of the decimal point from the 
characteristic. 

Thus *log-* -8062 = 6-4, log"* 1-8149 = 65-3, 

log-* 4-7782 =-0006, log'* -001 2 = 1 -003. 
log-* 2-8095 = 644-9, log-* 3-7821 = -006054 
89 18 

6 diff for 9. 3 diff. for 4. 

It must be remembered that the fourth figure obtained 
by four-figure logarithms may be too great or too small by 1. 
* log~^ means find the number from its logarithm. . 
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(33) THE USE OF LOGARITHMS. 

The four following rules give the chief uses of logarithms. 

(i) To multiply numbers add their logarithins, and the 
sum is the logarithm of the product. 

Thus 47 X 63. Again 47*81 x 64 x -027. 

log 47 = 1-6721 log 47-81 =1-6795 

log 63 = 1-7993 log 64 = 1-8062 

kg-" 3-4714 = 2961. log -027 = 2-4314 

log-* 1-9171 = 82-61. 

(ii) To divide numbers subtract the sum of the loga- 
rithms of the divisors from the sum of the logarithms of the 
dividends, the difference is the logarithm of the quotient. 

^,48 . . -763 

Thus 2i- ^g^^ l9l- 



log 48 = 1-6812 
log 24 = 1 -3802 


log -763 = 1-8825 
log 494 = 2-6937 


log-* -3010 = 2. 

,, 476 X 760 X -074 
*^^ 37 X 43 ' 
log 37 =1-5682 
log 43 = 1-6335 


log-* 3 1888 =-001 545. 

log 476 = 2-6776 
log 760=2-8808 


3-2017 


log -074 = 2-8692 


4-4276 
3-2017 


4-4276 



log-* 1-2259 -16-82. 
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(iii) To find the power of a number multiply the loga- 
rithm of the number by the index of the power to which 
it is to be raised, and the product is the logarithm of the 
required power. 

Thus 2*^ log 2 = -30103 

10 



log-^ 3-0103 = 1024. 

Again (9-163)*. log 9-163= -9620 

4 



log-* 3-8480 = 7047. 

Lastly (-0037)' log -0037 = 3-5682 

3 



log-> 8-7046 = -0000000506. 

(iv) To find the root of a number, divide the logarithm 
of the given number by the index of the root which is to be 
extracted, the quotient is the logarithm of the required 
root. 

Thus ^12340 log 12340 = 4-0913, 

4- '091 3 
log-» l^iri^ = log-» 1-3628 = 23-06. 

If the root of a decimal, the logarithm of which has a 
negative characteristic, has to be found, a number must be 
added both to the characteristic and mantissa such as to 
make the characteristic an exa.ct multiple of the index of 
the root by which it is to be divided. The root is then 
found by the method given above.- 
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Thus 4^-007654 log -007654 = 3-8839 ; add 1 to each. 

i±l??l^=l -47091 log-U"4709=*29575. 
4 

Again ^~ . log 2 - log 3 = 1-8239 ; add 1 to each. 
^^ti^?^= 1-9119. log-a-9119 = -ai64. 



(34) EXAMPLES OF THE USE OF LOGARITHMS 
IN SOLVING CHEMICAL PROBLEMS. 

It is evident that in complicated cases, after all signs of 
addition and subtraction have been got rid of, the results 
are more easily obtained by logarithmic than by common 
arithmetic. 

It is worth while to remember the logarithms of a few 
numbers which constantly occur, such as 

log 3-14159= -4971, log 22-32 = 1-3487, 
log 760 =2-8808, log -0896 = 2-9523. 

A few examples of different kinds of problems will now 
be given : . 

(i) The expansion of gases by heat 

It was pointed out at the end of Section. 16, that the 
expansion of a gas may be represented by the formula 

1? (14- -003677) 
l + -00367« ' 
where *00367 is the coefficient of expansion of the gas which 
ia usually expressed by o. 
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If a table of the logarithms of (1 + *00367^) has been 
prepared for the different values of t, it is easy to calculate 
the change in volume produced bj any change in tempera- 
ture. Of. Table VII. 

Thus, to find the new volume if 1000 ac. of gas arei 
heated from O*' C. to 47^ 0. 

. ^ 1000 (1 + '00367 X 47) 

y- J , 

log 1000 = 3-0000 
log (1 + a 47)= -0691 

log-» 30691 = 1172 C.C. 

If differences are giVeh in these tables thej are usually 
given for V C. 

Again 1426 c. a of gas are heated from 40^ 0. to 50° C, 
find the new volume. 



y 1426(1 +a 50) ^ 
l+a40 ' 



log 1426 = 3-1541 
log(l+a50)= -0731 

3-2272 
log (1 + a 40) -0595 



log-* 3-1677 = 1471 c.c. 

(ii) The diffusion of gases is treated with great facility 
by logarithms. 

If 436 c. c. of hydrogen chloride (HCl = 36*5) diffuse 
through a certain apparatus in a certain time, what volume 
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of hydrogen bromide (HBr = 81) wiU diffuse under the same 
conditions ? 



436n/18^ 



F= 



\/40-5 



log 436 = 2-6395 
log/v/lM5= -6306 

3-2701 
log ijWb -8038 

log-* 2-4663= 292-6 c.a 
(iii) Calculate the percentage composition of theine. 



C.H,N,0,. 


• 


8 =- 96 


49-5 


10H= 10 


5-15 


4N= 56 


28-86 


20= 32 


16-49 


194 


100-00 


log 9600 = 3-9823 


log 1000 = 30000 


log 194 = 2-2878 


log 194=2-2878 


log-* l'6945 = 4^-5. 


log-* -7122 = 5-15 


log5600 = 3-7482 


log 3200 = 3-5051 


log 194 = 2-2878 


log 194=2-2878 


log-* 1-4604 = 28-86 


log-* 1-2173 = 16-49. 
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(iv) 10 C.C. of hydrogen nitrate A 1*5 are warmed 
with copper and water^ what volume of nitric oxide at 
80° 0. and 1000 m.m. is given off? 

3Cu + 8HN O, = 3Cu 2NO3 + ^H,0 + 2N0. 

10x1-5x2x30 22-32 ,, ^^, 760 
8 X 63;3 ^ "W'^ ^^ ^^^^) ^ lOOO' 

log 30 = 1-4771 log 8000 = 3-9031 

log 22-32 = 1 -3487 log 63-3 = 1-8014 
log (1+ a 80)= -1118 — ^ 

log 760 =2-8808 ^ 

5-8184 
5-8184 
- 5-7045 



log-* -1139 = 1-3 Htres. 

(v) 0*5 gram of aniline^ when burnt with cupric oxide, 
gave 36 c.c. of nitrogen measured over water at 15" C, 
under a pressure of 684 m.m. Find the percentage of ni- 
trogen in the aniline. 

The tension of aqueous vapour at 15® C. is 12*7 m.m* 

36 684-12-7 28 100 

X E-^TTT X TrTr-:^;;. X — -— : 



1000(1 + a 15) 760 22-32 

log 36 =1-5563 log (1+ a 15)= -0231 

log 671-3 = 2-8270 log 760 =2-8808 

log 28 =1-4472 log 22-32 =1-3487 

5-8305 log 5 = -6990 



4-9516 



5-8305 
- 4-9516 



log-* -8789 = 7-567 per cent of nitrogen. 
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(yi) 4376 grams of potassium chlorate are heated, what 
volume of oxygen measured over water at 25° C. and 
684 m.m. is given off? 

KCIO3 = KCl + O,. 
The tension of aqueous vapour at 25° 0. is 23-6 m.m. 



4376x48 22-32 

122-6 ^ 32 ""^ 
log 4376 =3-6411 
log 48 = 1-6812 
log 22-32 =1-3487 


+ ^^^) 684 -23-6' 
log 122-6 = 2-0885 
log 32 =1-5051 
log 660-4 = 2-8198 


log(l+a25)= -0382 
log 760 = 2-8808 


6-4134 


9-5900 
-6-4134 





log"* 3-1766 = 1502 litres nearly, 

(vii) Determine the vapour-density of camphor from 
the following results due to Dumas. 

The volume of the globe was 295 ac, and its increase 
in mass (TF— ti?), when filled with camphor-vapour, was 
0*708 grams. 

The temperature of the air was \Z'b^ C, and of the bath 
239* C. 

The barometer stood at 742 m.m. 

The formula of camphor is G^fi^fi, and hence its density 
is 76 by theory. 

.y. 295 X -001293 x 742 
(l+al35)x760 
TTT (1 + -00003 X 239) X -0000896 x 742 



(1 + -00003 X 13-5) X (1 X o239) x 760 

JL O. A. 6 
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, -001293 ^..^^ 

^"g (l^al3-5)760 = ^'^^^^ 

log 295 = 2 -4698 

log 742 = 2-8704 

log^*^ 1 '5502 = -355 msu» of air in globe 

•708 



1 '063* mass of camphor vapour. 
If the volume of the globe at 13^-5® C. be I it becomes at 

239^ a 

(1 -f 00003 X 239) _ 

(1 +00003 X 13-5)"^^"^ ''^^^• 

log 295 = 2-4698 log 760 = 2-8808 

log 742 = 2-8704 log (I + a239) = -2735 

log -0000896 = 5-9523 3-1543 
log 1007= -0029- 

l-295f 
-3-1543 



2-1411 log of mass of ata: equal volume of hy- 
drogen. 



log of 1-063= -0265 

-2-1411 



log"* 1-8854 = 76-8 density of camphor vapour. 
Hence camphor vapotir is 5-32 times heavier than air. 
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♦THE REDUCTION OF EXPERIMENTAL 

RESULTS. 

(35) THE DIFFERENT KINDS OF ERRORS. 

An experiment is always liable to errors caused bj mis- 
takes, such as misreading the value of a weight in the pan 
of a balance, or the number marked on the graduation of a 
measure. 

Constant errors caused by imperfections in the instru- 
ments or in the observer also occur, such as a weight not 
really being of the value marked upon it, or an observer 
constantly adding an excess of a precipitant from inability 
to detect the first trace of a precipitate. 

Errors of this sort can only be lessened or removed by 
practice on the part of the observer, by care in- testing the 
instruments used, and by varying the form of the experi- 
ments. 

But besides these every experiment is affected by so- 
called accidental errors, which arise from momentary changes 
in the instruments, or from the want of absolute accuracy in 
the eye or hand of the observer. 

Thus, in reading a standard barometer the same result is 
rarely obtained three times in succession. 

Accidental errors may however be to some extent cor- 
rected by repeating an experiment a sufficient number of 
times, for it is probable, that if a large number of observa- 
tions of exactly the same kind be made, about half will be 
iQ excess and half in defect of the true value. Hence if the 

6—2 
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results of a number of observations be added together and 
the sum be divided by the number of the observations, the 
average or arithmetical mean obtained is probably more near 
the correct result than any one result taken hap-hazard. 
And it is possible to determine by calcidation how far thiii 
mean probably is from the true result. 

Further, if, when the condition of a substance is altered 
in one respect, it is found to alter simultaneously in another, 
it is often required given certain changes in the first condi- 
tion to find the most probable values of changes in the 
second condition which have been determined by experiment, 
and also to calculate values for the second condition which 
.have not been determined experimentally. 

There are two methods of effecting this, the one geometri- 
cal (the Graphical Method), th6 other analytical (the Metho4 
of Interpolation). 



(36) THE METHOD OP LEAST SQUARES. 

In any series of equally precise observations upon a. single 
quai^tity, the most probable value is the arithmetical mean 
obtained by adding all the results together and dividing the 
sum by the number of observations. 

To ascertain the trustworthiness of this mean result: — - 

(i) Find the residuals, these are the excess or defect of 
each result from the mean. 

(ii) Square the residuals, and add the squares together. 

(iii) Divide by the number of observations multiplied 
by one less than the number of observations^ and take the 
square root of the quotient. . This gives the mean error of 
the mean result. 
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(iy) Moltiplj the mean error of the mean result bj 
0*6745, and the probable error of the mean result is obtained. 

The probable error of the mean result is a test of its 
trustworthiness, since it is a probability of ^, or the odds are 
even, that the true result lies between the mean result + or 
— the probable error. 

Thus 100 grams of tin, when oxidized by hydrogen 
nitrate, give according to 

Bereelius 127*2 grams of stannic oxide. 
Mulder 127*56 „ „ „ 

Dumas 127*11 „ „ „ 

Hence, assuming that the result obtained by each chemist 
is of equal value, 100 grams of tin most probably give 

381*87 

— s — = 127*29 grams of stannic oxide. 

The probable error of this mean result, n the number of 
experiments being 3, is:— 

Ci'Mifi '^^^'^^ ^^ *^® squares of the residu&ls 

>/n {n — 1) 

-127*29+ 127-2 --09 -0081 

127*56 + *27 -0729 
127*11 --18 -0324 



•1134 



>/*1134 
,•. the probable error is '6745 . = '09. 

n/3x2 

This result is written 127*29 * *09, which means that it 
ia an equal chance that the true value lies between 127*2 
and 129*38 grams. 
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The precision of tlie mean increases as the square root of 
the number of observations. 

If the values of the results are not all equal, each result 
must be multiplied by a number expressing its worth rela- 
tively to the others called its "weight.*' Or the calculation 
is effected as though each experiment had been repeated a 
number of times corresponding to its assumed accuracy. 

The mean of the measured quantity is found by multi- 
plying each observation by its weight, and dividing the sum 
of the products by the sum of the weights. 

91-^92 + 93-^^' 
The probable error of this general mean is 

0-6745 Jg,v' + g^v' + g ^v ^ + Ac 
"^91+99+ 93-^ ^<^- Vri-l 

Thus the quantity of hydrogen sulphate in 1 c.c. of a 
solution was determined by three different methods : — 

(a) By barium chloride as '0847 gram, weight 3. 
(P) By sodium „ as '085 gram, weight 2. 

(y) By sodium carbonate as *084 gram, weight 1. 

g V gif 

3 -0847 -0000 -00000000 

2 -085 -0003 -00000018 

1 -084 -0007 -00000049 

6 Z= -0847 -00000067 

rpk u ui • '6745 V-D0000067 ^^^ 
The probable error is ,.- ^ = -0002. 

^ ^/6^/2 

And the result is -0847 ^ -0002, or it is an equal chance, 
that the true result lies between '0845 and -0849. 
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(37) THE GRAPHICAL METHOD. 

The graphical method enables an experimenter to com- 
pare a number' of results in which two quantities vary simul- 
taneously, to find the most probable value of each result, and 
to trace out a general law which serves to determine inter- 
mediate values of the results. 

A sheet of copper or paper is ruled into a large number 
of equal squares, and commencing with the left hand bottom 
comer which is called the origin, the lines are numbered 
consecutively according to the two quantities which vary 
idmultaneously. 

Along the bottom line which is spoken of as the a>«xi8, 
the variable is measured, and portions cut off from it are 
called abscissse. The variant is measured along the vertical 
line or ^-axis, lengths parallel to which are called ordinates. 

To express a result the value of a; is measiued parallel to 
or along the a>axis, and the corresponding value of y is 
measured parallel to or along the y-axis. lines are drawn 
through these points parallel to the y-axis and to the a>-axis 
respectively, and their point of intersection is the required 
point 

Thus if it be required to express a value of as = 11 '6 and 
y= 10*4 or as it is usually written to find the point (11*6^ 
10*4), the point must evidently lie in the small square 
contained by the lines drawn through the absciss® 11 and 
12, and through the ordinates of length 10 and 11. By 
means of a dividing machine or pair of compasses and ruler, 
ad is cut off equal to -^ of oc, and as equal to -^ of a6. 
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Then ex and dx are drawn parallel to ac and ab respectively, 
the point of intersection {x, y) is the required point (11*6, 
10-4). 




In exactly the same way all the other experimental re- 
sults (aj, , y^ {x^^ y^ (x^^ y^) <fec are expressed on the paper, 
and a permanent record of all the experiments is thus 
obtained. 

But further, if the results are sufficiently close together 
it may in most cases be assumed that no sudden change of 
value occurs between them, and therefore that the true values 
would He on a continuous line, passing among the points 
expressing the experimental results. This line in most cases 
is either a straight line or a continuous curve, passes through 
some of the points which have been experimentally deter- 
mined, and leaves about an equal number of these points 
above and below it. 

Such a continuous line then drawn by the tree hand 
shows the most probable value of the experimental results, 
since its position at any point is determined not by one bui 
by a considerable number of experiments; it also enables the 
value of the result for any intermediate value of the variable, 
which has not been determined by experiment, to be obtained 
by direct measui*ement, for it in fact expresses the probable 
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position of all the loci, which would be obtained were the 
experiments made infinite in number by taking infinitesimal 
changes of the variable. 

Thus OA expresses the increase in volume of 273 volumes 
of gas at 0° C. when gradually heated to 16° 0. 

OB shows the number of grams of nitre dissolved by 
100 grams of water from 0* 0. to 106'' C. (20 grams of nitre 
are expressed by 1 of ordinate, and 10*^ C. by 1 of abscissa). 

And OG shows the expansion of 100 volumes of mercury 
at 0°O. when heated to 160° C. (1 of ordinate expresses 
1 volume of mercury, and 1 of abscissa expresses 10° C.)* 
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(38) INTERPOLATION. 

When two values vary simultaneously it frequently hap- 
pens that, having for a number of values of one variable the 
corresponding values of the other variable, it is required to 
determine the value of the second variable corresponding to 
some intermediate value of the first variable. In simple 
cases this is effected with sufficient accuracy by assuming 
that the change in value of one variable is proportional to 
the change in value of the other variable. 

Thus, if 4100 volumes of gas at 100° 0. become 5200 
volumes at 200^0. to determine the volume of the gas at 
150^0. 

total change in temp. : partial change in temp. 

: : total change in vol. : partial change in vol. 

200-100 : * 50 

:; 5200-4100 : x 

1100 X 50 ^^^ 
^= 100 =^^^' 

Hence the volume at 150° C. will be 4100 + 550 = 4660 
volumes. 

But in complicated cases, especially when the intervals 
are large, the method by simple proportion becomes so in- 
accurate that it has to be replaced by another. 

The most simple form of the problem is — ^given that a 
series of consecutive equidistant values of one variable 
^o» ^1' ^2' ^8> ^^* make the second variable have the values 
u^, u^t u^j Ugf &c, to find the value of t£« when a: lies between 
x^ and a?j. 
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Write the values of the first variable in a column, and 
near them the corresponding values of the second variable. 
Subtract each value of the second variable from the succeed- 
ing one, and write these differences also in a column. Sub- 
tract each difference from the succeeding one to obtain a 
column of second dififerences, and in like manner if necessary 
obtain columns of third and fourth differences. 

These differences are signified by Aw, A'l*, A'w, A*w, &c. 

The value of u^ can then be found from the equation : — 

x(x-l)(x-2)(x-3) ^, 

For the greatest accuracy the differences must be taken 
until they become constant for all values of w, that is, until 
each number in the column is identical. 

Thus, to determine the tension of sulphur vapour at 
440" C. from the tensions at the following temperatures : — 

x^0,\ u Aw A'w A'w 



400 
450 
500 
550 



329 

780 ill 404 ,,, 

1^3^ 1452 ^^^ 
3087 ^^^"^ 



The difference (x) between 400" C. and 440" C. is | of 
the differencer between 400" C. and 450" C. Hence the for-i 
mala becomes: 

w.= 329 4-1x451 +|(-^)404 + |(-tV) (-1)193. 
= 329 + 360-8 - 32-32 + 6-176. 

u, = 663*65 m.m. 



92 



INTRODUCTION. 



The tension at 440^ C. found by experiment is 663 *1 1 ni.m. 
Had the ordinary mean only been taken, the result would 
have been found to be 329 + 360*8 = 689*8 m.m. 

Again, to find the tension of aqueous rapour at 11^ C. 
having given: — 



afC, 


u Au 


A'u A'm 


10 


^V 3*524 




15 


12*699 , ^tl 


M58 ^^^ 




4*692 


«^ '309 


20 


'J''^' 6*159 


1-467 


25 


23*550 





The difference (x) for T C. is | of the difference for 5*C., 
hence, 

w, = 9*165 + ^x3.524 + |(-|)xl*158 + ^(-|)(-|)x-309. 

= 9*165 + -705 -*093+ •015, 
«, = 9*792 uLm. 

A simple interpolation formula is of great use in reducing 
observations with the spectroscope from angular or scale- 
readings to wave-lengths. 

If lines in a spectrum, which are tolerably close together, 
are found to have the scale-readings n^, n^, n^, and the wave- 
lengths Xj, Xg, X3, these values are connected by the equation,' 



V 



V V 



from which, if n^, n^, n^ are determined by observation and 
the wave-lengths of two of the lines are l^nown, the wave- 
length of the third line can be calculated. 

Thus in the case of the three brightest lines of magne- 
sium, 
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Scale-readings. Wave-lengths. 
74-6 5183 

74-8 t 

75-0 5167 






V \' (5167)' (5183)* 

5 (5167)' (5183)' 

~ 3 (5183)' + 2 (5167)'' 
.-. X, = 5173. 

The problem becomes much more complicated, when it is 
required to find a formula to express the) results of all ex- 
periments, which have been or might be made on any given 
change. 

No general rules including all cases can be given. If 
nothing suggests any one form of equation as more probable 
than another, it is usually most convenient to assume an 
equation of the form 

y = a + 6a5 + <w* + cte" + <kc., 

and to determine the constants a, 6, c and d from the experi- 
mental results, since equations of this form are found ^to 
include most of the more commonly occurring cases in 
Chemistry and Physics. 

To determine the constants widely separated values x^ , 
x„ x^f of X are taken and y^^y^y y, are determined in each 
case; another experiment in which if possible x is made 
equal to serves to determine a, 

Now writing y,-a = a„j^,-a = a„y3-«-a.. 

ttj = 6a;, + cx^ + cte,'. 
a, = hx^ + cx^ + <&/. 
a, = bx^ + ex* + cfo/. 
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From these three equations the three unknowns b, c, and 
d can be determined hy any of the ordinary methods, or by 
the method of cross multiplication, which gives: — 

Thus, to find the equation representing the solubility of 
Magnesium sulphate MgSO^. TH^O in' -w^ater at different 
temperatures. 

100 grams of water aii (f C. dissolve 25*8 grams of the salt 

lO^C. „ 30-5 „ 
90^ C. „ 10-9 ,/ 

30-5 = 25-8 + 10& + 100c: 
70-3 =25-8 + 906 + 8100c: 

/. 906 + 8100c =44-5 

906 + 900c = 45 
- .5 

c = — -n^QQ which may be neglected. 

6= 0-493. 
.-. y = 25-8 + 0-493<. 

To ascertain the truth of the formula found, the amount 
6f salt dissolved at soikie intermediate temperatures is calcu- 
lated from the formula and determined by experiment 

• 0. y by exp. y by calcuL 

30 39-8 40-6 

60 55-9 56-4 

80 65-1 65-2 
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Since the results agree with fair accuracy, the equation 
found is probably correct. 

Again, to find a formula for the volume occupied by one 
volume of mercury at 0° C. when heated to any temperature 
below 300**.C. By experiment (Regnault) : — 

1 volume of mercuiy at 0® C. becomes at 10® C. 1-001792. 

100° 0. 1-018153. 

200" 0. 1-036811. 

SOO'^C. 1-055973. 

Assume y^a-i-bt + cf + dt^ where a = 1. 

1-001792 = 1+106+ 100c +1000c^ (i). 

1-018 153 = 1 + 1006 + 10 000c + 1 000 OOOd (ii). 

1-036 811 = 1 + 2006 + 40 000c + 8 000 OOOd (iii). 

1 -055 973 = 1+ 3006 + 90 000c + 27 000 000c? . . . (iv). 

Multiplying (i) by 10 and subtracting it from (ii). 

•000 233 = 9^ 000c + 90 000^^, 

.-. -000 000 026 = 0+1006^. 

Multiplying (iii) by 3 and subtracting it from (iv) mul- 
tiplied by 2, 

•001 513 = 60 000c + 30 OOOOOOdf. 

.•. -000 006025 2 = c + 500d 

.-. <£ = - •OOO 000 000 002 which may be neglected. 

.-. c = -000 000 0252, 
and 6 = -000 179 01, 

and the required equation is 

y = 1 + -000 179 Olt + -000 000 025 2^. 

Regnault gives 

y = 1 + -000 179 006 6t + •OOO 000 025 23K". 
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Again, to find the mass of ammonia dissolved hj 1000 
grams of water at any temperature below 100° C. 

1000 grams of water at 

0° C. dissolve 899 grams of ammonia. 
lO'G „ 684 „ 
50* C. „ 284 „ 
100* C. „ 74 „ 

Write the tibree equations in the form f/ = a+bt-\-cf -hdl' i 
subtract the value of a, and divide hy the value of t, 

«21-5 =h+ lOc + lOOrf (i) 

-12-3 =6+ 50c + 25006^ (ii) 

- 8-26 = 6 + 100c + 10000<; (iii). 

Subtract (i) from (ii) and divide by 4 

2-3 = 10c+600d 

Subtract (ii) fi'om (iii) and divide by 5 

•81 = 10c + 1500d, 

.-. ^149=900* 

d = - 00166 
e = *3296 
6 = ^ 24-63. 

Hence the required equation is 

y = 899 - 24-63^ + 0-3296«' - 0-00166<». 

Should the accuracy of the observational equations be 
doubtful, to obtain the most probable values of &, c, and d 
from them, it is advisable to proceed as follows: — 
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Reduce any munber of observational equations to tbe 
form: — 

ttj = ftajj + ex' + cfoj*. 

a, = hx^ + ex' + dx'. 

a^ = bXj^ + ex' + dx'. 

• • • ^"^ • • • *T* • • ■ i" • • • 

Multiply each equation by the coefficient of h in it, and 
add all the equations together. The resulting equation is 
caUed the normal equation for by and when solved will give 
the most probable value for b. Proceed in the same manner, 
multiplying by their coefficients respectively, to find normal 
equations for c and d, 

a^x, + a^x^ + a^x^ 
= (x' + x^' + x') b + {x^' + «/ + x') e + {x* 4- «/ + x^*) d. . .(i). 

a,x,' + a^x^' + a^x^' 
= (ajj^ + a?/ + x^^) b + (a;/ + x* + ajg*) c + (a?j» + «/ + a:,') d. . .(ii). 

a^a;,' + »,«/ + a^x^"" 

= (a;/ + a?,* + ajg*) 6 + (aj^* + a;/ + aja') c + (ajj' + a?/ + x^)d.,. (iii). 

These normal equations when solved by any method, 
that of cross multiplication being usuaUy the shortest, give 
the most probable values for &, c, and d', whence the required 
equation is obtained. 

Occasionally other formoliB have to be used, but no 
general rules can be given for obtaining them. 

L. c. A. 7 
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Thus at any low temperature t^ C. the tension of aqueous 
vapour in m.m. of mercury is 

^=0-013 + 0-2968 (1-089)'. 

And one volume of water at 4** C. becomes at any other 
temperature f C. 

F= 1 + 0-000 008 38 (t - 4)' - 0*000 000 379 (t - 4)'* 

• +0-000 000 022 4(^-4)^ 
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EXAMPLES. 



CHAPTER I. 

General Measures. 
{See Sects. (7), (8), (9), Talle IL) 

1. A CISTERN is 2 metres long, 1*5 m. wide and 1 m. 
deep ; how many litres of water will it contain ? 

2. How many pounds Troj are there in a kilogram ? 

3. If the value of g (the attractive force of gravity) at 
London is 32*1908 feet, what is it in metres) 

4. It is 92000000 miles to the sun ; how many kilo- 
metres is it) 

5. Light travels 192000 miles a second; how many 
kilometres per second is that ) 

6. Sound travels 1130 feet in a second; how many 
metres per second is that ) 

7. Find the mass of a block of flint glass (d 3*5) 10 cen- 
timetres long and wide, and 2*857143 am. thick. 

8. A block of steel (A 7*8) is 10 cm. square and 1*8315 
cm. thick ; find its mass. 

9. Find the mass in tons of a ship which displaces 
64240 cubic feet of sea- water (A 1*026). 

7—2 
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10. The velocity of light is 3-004 x 10* metres per 
second, and it takes 8 minutes 13 seconds to pass from the 
sun to the earth. How many miles is the sun distant from 
the earth 1 

11. The latitude of Greenwich is 51* 28' 40". Express 
this angle in seconds, and in degrees and decimals of a 
degree. 

12. A geograj^hical mile or knot is the distance sub- 
tended at the equator by an angle of Y at the centre of the 
earth. How many knots is it round the equator ? 

13. According to Bessel the polar radius of the earth 
is 20853657 feet, and the equatorial radius 20923600 feet. 

How many geographical miles in length is the great 
circle passing through the poles and Greenwich ? 

14. Using the data of the last question, find iJie volume 
of the earth in cubic feet, and if the density be 5*67 its mass 
in pounds. 

15. A pressure of 1000 lbs. per square inch is how 
many kilos, per square millimetre ? 

16. What is the mass of a cubic metre of hematite 
(A 5-25)1 

17. What is the mass of a cubic kilometre of sea- water 
(A 1-02)? 

18. A nautical fathom is 6*0864 feet, what is its value 
in metres? 

19. A piece of porcelain (A 2*3) is 10 cm. square and 
8*696 cm. thick; find its mass in grams. 

20. A round dolomite pillar (A 2*9) 1 m. across aud 
10 m. high weighs how many kilograms? 

21. Find the volume of 1000 grams of sea- water 
(A 1-026). 
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22. Find the mass of a cubic metre of anthracite (A 1 4). 

23. Find the mass of a glass (A 2 '45) cylinder 2 deci- 
metres high and 1 d.m. across. 

24. How many tons does a block of granite (A 2*7) 10 
by 3 by 2 metres weigh ? 

25. The great pyramid (A 2*5) is 145 m. high, and the 
side of its square base is 658*3 m. ; find its mass in tonnes. 

26. The surface of a sphere is 480 square yards ; find 
its volume in cubic feet. 

27. A glass ball, weighing 7*7158 grams, 2 cm. in dia- 
meter, just floats in a liquid. Find the density of the liquid. 

28. A quantity of silver when placed in one pan of an 
untrue balance weighed 5 grams, but when placed in the 
other pan it weighed 6 grams. Find the true mass of the 
silver. 

29. The value found by Joule for the mechanical equi- 
valent of heat was 772 foot-lbs. per 1"F. What is the 
value of J., taking as units VC, the kilogram, and the 
metre ? 

30. A glass ball counterpoised in air appeared to lose 
5*6 grams when plunged into water, and 5*09 grams when 
plunged into turpentine. A crystal of copper sulphate, 
which weighed 11*69 grams in air, when plunged into tur- 
pentine appeared to lose 4*63 grams. Find the density of 
the turpentine and of the copper sulphate. 

31. When the mercury (A 13*596) barometer stands 
at 76 cm., how high will one of glycerin (A 1 *27) stand ? 

32. When the mercury (A 13*596) barometer stands 
at 760 m.m., how high would one of hydrogen sulphate 
(A 1-842) standi 
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CHAPTER II. 

Molecular Weights. 
{See Sect. 10.) 

1. Find the molecular weight of (i) carbon monoxide 
CO, (ii) magnesia MgO, (iii) lime CaO, (iv) silica SiO,, 
(v) alumina AXfi^ 

2. Find the percentage of oxygen in each of the above- 
mentioned bodies. 

3. Find the molecular weight of (i) nitric oxide NO, 
(ii) sodium hydrate HNaO, (iii) ferric oxide Fe^O^, (iv) 
chromium trioxide CrOg, (v) cadmium oxide CdO. 

4. Find the molecular weight of (i) antimony pentoxide 
Sb^Og, (ii) silver arsenate AggAsO^, (iii) barium sulphate 
BaSO^, (iv) lead nitrate Pb2N03, (v) potassium phosphate 

5. Find the molecidar weight of (i) zinc sulphate 
ZnSO, . 7H,0, (ii) copper sulphate CuSO, . 6H,0, (iii) 
sodium sulphate Na^SO^ . lOHgO, (iv) nickel sulphate 
NiSO^ . lB.fi, (v) manganous sulphate MnSO^ . 4B:,0. 

6. Find the molecular weight of (i) alcohol C^H^O, 
(ii) ether C^Hj^O, (iii) hydrogen acetate C,H^O„ (iv) 
hydrogen oxalate 0,11,0^ . 2HgO, (v) hydrogen tartrate 

C.H.O.. 
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7. Find the molecular weight of (i) glycerin C3II3O,, 
(ii) turpentine Cj^H^^, (iii) aniline CgH^N, (iv) hydrogen 
stearate Cj^Hg^O,, (v) cane-sugar Cj^H^^O^j. 

8. Find the molecular weight of (i) potassium chlorate 
KCIO3, (ii) borax 'Na.^Bfi^ . lOH^O, (iii) strontium bromide 
SrBr^ . 6HjO, (iv) barium carbonate BaCO,, (v) potassium 
dichromate K^Cr^Oy. 

9. Find the molecular weight of (i) potassium ferro- 
cyanide K^FeO^N^ . SH^O, (ii) calcium fluosilicate CaSiF^, 
(iii) sodium thiosulphate Na^SgOg . 511^0, (iv) microcos- 
mic salt NaNH^HPO^ . 4HjO, (v) sodium nitroprusside 
Na,FeC,,N,, (NO J, . 4H.a 
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CHAPTER III. 

TEMPEBATaBES. 

{See Sect 15.) 

1 . Convert from the Reaumur to the Centigrade scale : — 
(i) 36° R., (ii) 28° R., (iii) 76° R., (iv) 60° R., (v) 52° R. 

2. Convert from the Centigrade to the Reaumur scale : — 
(i) 90° C, (ii) 15° C, (iii) 20° C, (iv) 55° C, (v) 30° C. 

3. Convert from the Reaumur to the Fahrenheit scale : — 
(i) 56° R., (ii) 60-4° R, (iii) 41-7° R., (iv) -6-6°R., 
(v) - 25-3° R. 

4. Convert from the Fahrenheit to the Reaumur scale : — 
(i) 48° F., (ii) 129° F., (iii) 168° F., (iv) 210° F., (v) - 30° F. 

5. Con vert from the Centigrade to the Fahrenheit scale : — 
(i) 60-5° C, (ii) 40° C, (iii) 70° C, (iv) - 5° C, (v) - 36-6° C. 

6. Con vert from the Fahrenheit to the Centigrade scale : — 
(i) 207° F., (ii) 180° F., (iii) 114° F., (iv) 0° F., (v) - 30° F. 

7. Convert from the Centigrade to the Fahrenheit scale : — 
(i) 643° C, (ii) 720° C, (ui) 860° C, (iv) 973° C, (v) 1000° C. 

8. Convert from the Fahrenheit to the Centigrade scale :-^ 
(i) 674° F., (ii) 100°F., (iii) 463° F., (iv) 3478°F., (v) 2941°F. 
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9. Convert from the Centigrade to the absolute scale : — 
(i)6°C., (ii)80^C., (iii)-40°C., (iv)-14:°C., (v)-lOO^C. 

1 0. Convert from the Fahrenheit to the absolute scale : — 
(i) 70«F., (ii) -4^F., (iii) 104«F., (iv) 2000" F., (v) -37°F. 

11. Convert (i) 300^ (ii) 400°, (iii) 500" on the abso- 
lute scale into the Centigrade, Eeaumur, and Fahrenheit 
scale& 

12. Convert each of the following temperatures into 
the other two scales: 42" F., -32"F., 327" R., -2"R., 
78" C, andl72"C. 
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CHAPTER IV. 

The Volume op a Mass of Gas. 
{See Sects. 14, 16.) 

1. 1000 cc. of gas are heated from O*' C. to 39** 0. Find 
the new volume. 

2. 1000 cc. of gas are heated from -SQ'^C. to 52^ C. 
Find the new volume. 

3. The pressure on 10 cc. of gas is 7 metres ; if the 
pressure be reduced to 847 millimetres, what is the new 
volume ? 

4. 1000 cc of air at 13° C, occupy what volume at 
65° 0. ? 

5. If 300 cc of gas are measured off at 28° C, what 
will the volume become at — 14° C. 1 

6. 155 litres of air at 150° C. are cooled to 0° C. Find 
the new volume. 

7. A Htre of gas is heated from 14° C. to 42° C. Find 
the new volume. 

8. A litre of air at 39° 0. is cooled to - 26° C. Find 
the new volume. 

9. 134 litres of air are heated from -30°C. to 60° C. 
Find the new volume. 
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10. 50 C.C. of gas at 10° C. occupy what volume at 24° C. ? 

11. 100 C.C. of air at 12°C. are heated until they 
occupy 145 C.C. Find the new temperature. 

12. 1000 C.C. of air at - 31-2°R are heated to 172-4° F. 
What is the new volume ? 

13. 320 c.c. of gas are measured oflf at 91° C. and 950 
m.nL What is the normal volume ? 

14. 150 C.C. of gas are measured off at 10° C. and 
500 m.m. What does the volume become at 16*4° 0. and 
520 m.m. ? 

15. 852 C.C. of air at 11°C. and 760 m.m. are heated to 
27° C, the pressure being increased to 900 m.m. Find the 
new volume. 

16. 542 c.c. of air at 269° 0. and 900 m.m. are cooled 
to 51° C, the pressure being decreased to 666 m.m. Find 
the new volume. 

17. 672 c.c. of air at — 49°C. and 1111 m.m. measure 
what at 357° C. and 1890 m.'m. 1 

18. 700 c.c. of air at 77° C. and 1000 m.m. measure 
what at 163° C. and 872 m.m. ] 

19. 546 c.c. of gas at 17° C. and 760 m.m. are cooled to 
0° C, the pressure being decreased to 600 m.m. Find the 
new volume. 

20. 1234 c.c. of gas at -39°C. and 500 m.m. are heated 
to 39° C, the pressure being increased to 617 m.m. Find 
the new volume. 

21. A quantity of oxygen, which measures 230 litres 
at 14° C. and 740 m.m., will measure what at 0°C. and 
760 m.m. 1 

22. What will 1000 c.a of a normal gas become at 
16-5° 0. and 735 m.m. 1 
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23. A flask, which will not bear a pressure of 1500 
m.m., is filled with normal oxygen and heated. At what 
temperature will it explode ? 

24. A volume of gas at 10° C. is under the pressure of 
the atmosphere and 60 m.m. of mercury ; what pressure is 
required in addition to the atmosphere to keep the volume 
constant at 300° 0. 1 

25. At what temperature has air the same density as 
hydrogen at 0° C. ? 

26. 1234 C.C. of normal gas are cooled to — 52° C, the 
pressure being decreased to 617 m.m. Find the new 
volume. 

27. 632 C.C. of air at 43° C. and 1000 m.m. are heated 
to 97° C, the pressure being decreased to 740 ulul Find 
the new volume. 

28. 146 litres of gas at 17° 0. and 974 m.m. are heated 
to 51° C, the pressure beiug decreased to 760 m.m. Find 
the new volume. 

29. 1000 c.c. of gas at 20° 0. and 730 m.m. occupy 
what volume at 0° C. and 760 m.m 'i 

30. 123 c.c. of gas at 247° C. and 800 m.m. are cooled 
to - 26° C, the pressure being decreased to 780 m.m. Find 
the new voluma 

31. 1000 C.C. of air are heated from 0° C. to 72° C, the 
pressure being decreased from 600 m.m. to 400 m.m. Find 
the new volume. 

32. 20 c.c. of hydrogen at 27° C. and 762 m.m. occupy 
what volume at - 23° C. and 1270 m.m ] 
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CHAPTER V. 
Oxygen. = 16. 

N.B. In working the easier sums ' two volumes ' (Sect. 
18) are taken as 22*4 litres, and the coefficient of expansion 
of a gas is taken as ^4^. In the more difficult sums below 
the line two volumes a/re taken as 22*32 lii/res amd '00367 as 
the coefficiervt of expansion, 

1. 50 grams of potassium chlorate are heated; what 
mass of oxygen is given off] 

KCIO3 = KCl + 30. 

2. What volume is occupied by 20 grams of oxygen 
(0.) » 

3. How much potassium chlorate is required to make 
112 litres of oxygen? 

KC103=KCl + 30. 

4. What volume of oxygen can be obtained from 20 
grams of manganese dioxide by heating it (a) alone? 

3MnO, = MugO^ + O,. 

(j3) with strong hydrogen sulphate? 

MnO, + H,SO, = MnSO, + H.O + O. 
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5. What mass of oxygen can be obtained hj heating 
522 grams of manganese dioxide 1 

3MnO, = Mn30, + 0,,. 

6. How much manganese dioxide is required to make 
10 litres of oxygen ) 

3MnO. = Mn.O. + 0„. 
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7. What mass of oxygen (O^) at 10° 0. and 750 m.m. 
would fill a globe of 15 litres capacity ? 

8. What volume of oxygen can be made from 100 grams 
of mercuric oxide ? 

HgO = Hg + 0. 

9. On heating some potassium chlorate 298 grams of 
potassium chloride were left. What mass of chlorate was 
heated and what mass of oxygen was formed 1 

KC103 = KCl + 30. 

10. How much potassium chlorate is required to make 
70 litres of oxygen 1 

KCIO3 = KCl + 30. 

11. What volume of oxygen at 21° C. and 380 m.m. 
can be obtained by heating 1000 grams of potassium chlorate f 

KCIO3 = KCl + 30. 

12. What mass of oxygen would occupy 13 litres at 
12° 0.1 And how much manganese dioxide must be heated 
to obtain it? 

3Mn03 = Mn30^ + O,. 

13. 174 gi*ams of manganese dioxide are heated; what 
volume of oxygen is given off? 

3Mn03 = Mn30^ + 0.. 
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14. How mucli potassium chlorate will furnish suffici- 
ent oxygen to unite with the hydrogen evolved by the action 
of 200 grams of sodium upon water? 

6Na + 6H,0 = eHISTaO + 3H,. 
3H, + 30 = 3H,0. 
KC103=KCl+30. 

15. 60 grams of mercuric oxide are heated ; what volume 
of oxygen at 91** 0. and 380 m.m. is given off? 

HgO = Hg + 0. 

16. What volume of oxygen can be made from 100 
grams of potassium chlorate? 

KC10,= KCl + 30. 

17. A gram of bleaching powder is boiled with water and 
cupric oxide j what volume of oxygen at 14^0. is given off? 

CaOCl, = CaCl,+ 0. 

18. A quantity of barium dioxide is suspended in water 
and decomposed by carbon dioxide. If 1 9 '7 grams of barium 
carbonate are formed, what volume of oxygen at 14° C. will 
be set free on boiling the solution of hydrogen dioxide? 

BaO, + CO. + H,0 = BaCO, + H,0.. 
H,0,= H,0 + 0. 

19. 270 grams of mercuric oxide are heated; what 
volume of oxygen at 0° 0. and 760 m.m. is given off? And 
what will the gas measure at 17° C. and 700 m.m. ? 

HgO = Hg + 0. 

20. What volume of oxygen, supposing that it remained 
gaseous, at — 140° C. and under the pressure of 245-2 metres 
of mercury, could be made from 613 grams of potassium 
chlorate? 

KC103 = KCl + 30. 
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21. If liquid oxygen has the density *89, what would 
be the volume of the liquefied gasi 



22. What is the mass of 13 litres of oxygen (O,) mea- 
sured at 12*^ C. 1 

23. In one of Dumas and Boussingault's experiments 
the cupric oxide lost 59*789 grams, and 67*282 grams of 
water were formed. Calculate the atomic weight of oxygen. 

CuO + H, = Cu + lELfi. 

24. 10 grams of potassium dichromate are boiled with 
hydrogen sulphate; what volume of oxygen at 20° C. is given 
off? 

K,Cr,0, + 4H,S0, = K,SO, + Cr,3S0, + 4H,0 + 30. 

25. What volume of liquid oxygen (A'89) could be 
obtained from 100 litres of the gas measured at 20° C.) 

26. What is the mass of 556 c.c. of oxygen (O), 
measured over water at 20° 0. and 750 m.m.? 
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CHAPTER VL 
Hydrogen. H = 1. 

1. 100 grams of zinc are dLssolved in dilate hydrogen 
sulphate, what volume of hydrogen is given off? 

Zn + H,SO, = ZnSO^ + H,. 

2. What is the mass of 616 litres of hydrogen (H,) 
measured at - 20® C. and 770 m.m.1 

3. 100 grams of steam are passed over red-hot iron, 
what volume of hydrogen at 10® C. and 742 m.m. is formed? 

4Hp + 3Fe = ¥efi^ + 4H,. 

4. How many litres of hydrogen are obtained on dis- 
solving 16 grams of magnesium in dilute hydrogen sulphate? 

Mg+H,SO, = MgSO, + H., 

5. 50 litres of hydrogen at 17° C. and 800 m.m. are 
required, how much sodium must be thrown into water? 

Na + H,0 = HNaO + H. 

6. What volume will 1000 cc. of hydrogen at 0°C. 
occupy at (a) 15® 0., (p) 100® C, (y) 300® C? 

7. What volume will 1000 c.c. of hydrogen at 100® C: 
occupy at (a) 0® C, (fi) - 20® C, (y) - 50® 0. ? 

L. C. A. 8 
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8. 4 litres of hydrogen are passed over heated cupric 
oxide, what loss of mass does the oxide undergo 1 

H, + CuO = Cu + H,0. 

9. Find the mass in grains of a cubic foot of normal 
hydrogen. 

10. Find the mass in grains of a cubic inch of normal 
hydrogen. 

11. 100 grams of levigated iron are dissolved in dilute 

hydrogen sulphate, what volume of hydrogen at 15" C. is 

given off? 

Fe + H,SO^ = FeSO^ + H,. 

12. 400 c.a of hydrogen are measured off at 72® 0. and 
800 m.m., what is the normal volume ? 

13. Find the mass in grams of 10 gallons of hydrogen 
at 20" C. 

14. Find the percentage of hydrogen in (a) hydrogen 
chloride HCl, ()3) hydrogen sulphide H^^S, (y) ammonia NH^ 

15. A spherical balloon 50 feet in radius would con- 
tain how many pounds of hydrogen and how many pounds 
of air? 

16. A kilogram of potassium formate when heated with 
potassium hydrate would give what volume of hydrogen, 
supposing it were still gaseous, at -140"C. and under a 
pressure of 494 metres of mercury? 

CHKO, + HKO = K,CO, + H,. 



17. How much zinc is required to obtain 100 litres of 
hydrogen at 91" C. and 800 m.m.? 

Zn + H,SO, = ZnSO^ 4- H^ 
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18. How many c.a of (a) magnesium (Al*74), ()3) zinc 
(A7*2), (y) iron (A7*8) must be dissolved in acid to give 50 
litres of hydrogen at 15® C. 1 

[MgZnFe] + H,SO, = [MgZnFe] SO, + H,. 

19. 100 grams of potassium formate are heated with 
potassium hydrate, what volume of hydrogen at 15'' C. and 
790 m.m. is given oflf? 

CHKO, + HKO = K,C03 + H,. 

20. The hydrogen used at Woolwich has a lifting power 
of 71 lbs. per 1000 cubic feet, if the gas were pure what 
would the lifting power be 1 

21. What is the mass of a litre of hydrogen measured 
over water at oO° C. and 790 m.m.? 

22. 2 grams of hydrogen mixed with 16 grams of oxy- 
gen are exploded in a closed vessel. Find the pressure 
inside the vessel at the moment of explosion. (The calorific 
power of the hydrogen is 34 462, and the specific heat of 
steam at constant volume is 0*3621.) 

23. How much zinc must be dissolved in acid to make 
5 cubic metres of hydrogen at 15® C. and 740 m.m.? 

Zn+H,SO, = ZnSO, + H,. 

24. Begnault found that one litre of normal 

hydrogen weighs '089578 grams. 

oxygen „ 1 '429802 grams (a). 

nitrogen „ 1*256167 grams (jS). 

carbon dioxide „ 1 '977414 grams (y). 

By dividing by the exact atomic or half molecular weight 
determine in each case the mass of a litre of hydrogen^ and 
take the mean of the results 

8^2 
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CHAPTER VII. 
Water. H„0=18. 



a 



1. 10 grams of water are decomposed by an electric 

current, what volumes of hydrogen and of oxygen are 

evolved 1 

H,O = H,+ 0. 

2. What is the density of hydrogen referred to water 1 

3. What volume is occupied by 100 grams of steam 
(H^O) meaaured at 300** C. ? 

4. 100 C.C. of sodium (A'97) are thrown into water, what 
volume of hydrogen at 18° 0. and 570 m.m. is given off] 

Na + H,0 = HNaO + H. 

5. How much potassium chlorate must be heated to 
give oxygen enough to combine with 100 litres of hydrogen? 

3H, + 30 = 3H,0. 
KCIO3 = KOI + 30. 

6. What volume of oxygen at 12° 0. and 762 m.m. is 
evolved on decomposing 10 grams of water by electricity ? 

H,0-cH, + 0. 

7. What is the volume of 1000 grams of (a) sea-water 
A 1-026 and (fi) ice A -924? 

8. 1000 grams of sea-water (A 1 *029) contain 35 *9 grams 
of solid matter in solution. How many kilos, of solids are 
there in solution in a cubic kilometre of sea-water 9 
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9. How many cubic feet are occupied by a ton of sea- 
water (A 1-029)? 

10. 400 Troy ounces of water at 16° R. are mixed with 
400 avoirdupois ounces at 95^ F. Find the mass of the 
mixture in grams and its temperature Centigrade. 

11. 500 C.C. of hydrogen at 39® C. are exploded with 
500 C.C. of oxygen under a pressure of 332*5 m.m. What 
volume of which gas is left ) 

H, + = H,0. 

12. How much water must be decomposed by elec- 
tricity to form one litre of electrolytic gas at 15° C. and 

740 m.m. 1 

H.O = H, + 0. 

13. 2 grams of steam are passed over red-hot iron, 
what volume of hydrogen at 10® C. and 770 m.m. is formed ? 

4H,0 + 3Fe = Fe30, + 4H,. 

14. A block of ice (A -92) weighs 280 kilos., find its 
volume. 

15. If the density of ice be 0*92, what volume would 
1000 C.C. of water at 4° C. occupy when frozen 1 

16. An iceberg (A '92) floats in sea-water (A 1-027) 
with 30 000 cubic metres above the sea, what is the total 
volume of the berg 1 

17. Find the density of steam at 300® C. referred to 
air at 0® C. 

18. 1 c.c. of water at 4® C. forms how many times its 
volume of steam at 300® C. 1 

19. The Great Eastern is 679 feet long, 82 feet broad, 
and 60 feet deep. Find each dimension in metres. 
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20. 100 grams of steam are passed over red-hot iron, 
what volume of hydrogen at 14^0. and 730 m.m. is formed t 

4H,0 + 3Fe = Fefi^ + 4H,. 

21. A tube containing cupric oxide, which weighed 
105 '6 grams, after being heated to redness in a current of 
hydrogen weighed 101*6 grams. The drying apparatus 
weighed 80*3 grams before and 84*8 grams after the ex- 
periment. How much oxygen unites with 1 part of hy- 
drogen? 

22. If 88*88 parts of oxygen combine with 11*11 parts 
of hydrogen to form water, and the equivalent of oxygen be 
100, what is the equivalent of hydrogen? 

h+o = ho. 

23. Sea-water (A 1*026) contains 3 per cent, of sodium 
chloride NaOl ; how much sodium is there in a cubic metre 
of sea-water 1 

24. 1000 grams of sea-water (A 1*027) contain 37 
grams of salt (A 2*16). What contraction do 1000 cc. of 
sea-water undergo during the solution of the salt ? 

25. If a cubic inch of water at 53° F. weighs 252*765 
grains, and 1 cc. of water at 4°C. weighs 1 gram, what 
volume will 1 000 000 cc. of water at 4** C. occupy at 53* F.? 

26. In one of Dumas' experiments to ascertain the 

composition of water by passing hydrogen over heated 

cupric oxide, the following results were obtained : — 

grams. 

Mass of cupric oxide and tube before the experiment 334*598 
„ „ „ after „ „ 314*236 

Mass of drying tubes before the experiment 426*358 

„ „ „ after „ „ 449*263 

Calculate the percentage composition of water by mass. 
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27. A pound of steam at 374° F. oconpies how many 
cubic feet ) 

28. 100 grams of gypsum are heated, what volume of 
steam at 300"" 0. is given off 1 

CaSO, . 2H,0 = CaSO, + 2H,0. 

29. 100 grams of each variety of sodium carbonate 
(i) Na,C03lOHp, (ii) Na^CO,. 8H,0, (iii) Na.CO,. 5H,0, 
(iv) Na^COj . HjO contain how many grams of water ? 

30. 2 grams of silver oxide are thrown into hydrogen 
dioxide, what volume of oxygen at 13° C. is given off? 

Agfi + H.0, = Ag, + H,0 + O,. 

31. Pure hydrogen dioxide (A 1*455) gives how many 
times its volume of oxygen when boiled ) 

H.O. = H,0 + O. 

32. A solution of hydrogen dioxide (A 1*455) gives 
twenty times its volume of oxygen when boiled, find its 
percentage composition by volume. 

H,0, = H,0 + 0. 



33. What volume of oxygen at 10° C. can be obtained 
OB boiling 10 grams of hydrogen dioxide ? 

H.O. = H,0 + 0. 

34. 100 grams of solution of hydrogen dioxide in water 
when boiled gave 5 litres of oxygen at 12° C. and 750 m.m. 
Find the percentage of hydrogen dioxide in the solution. 

H.O, = H,0 + O. 
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CHAPTER VIII. 

NiTBOQEN. N=14. 

1. What do 100 litres of nitrogen (N,) weigh 1 

2. 146 litres of nitrogen at 17^0. and 974 m.m. are 
heated to 5V C. the pressure being decreased to 760 m.m. 
Find the new volume. 

3. What volume of nitrogen can be obtained from 
10 grams of ammonium nitrite ? 

NH.NO, = 2H,0 + N,. 

4. 128 grams of ammonium nitrite are heated, what 
volume of nitrogen at 39" C. and 950 m.m. is given off? 

NH,N0,= 2H,0 + N,. 

5. Find the percentage composition of ammonium 
nitrate NH^NO,. 

6. What volume is occupied by 10 000 grams of hy-. 
drogen nitrate (A 1*5) 1 

7. What volume of nitrous oxide can be obtained from 
240 grams of ammonium nitrate 1 

NH^N03 = 2H,0 + N,0. 

8. How many pounds of hydrogen nitrate are obtained 
on distilling 400 pounds of sodium nitrate with hydrogen 
sulphate ? 

2NaN03 + H,SO, = Na.SO, + 2HN0,. 
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9. What volume of nitric oxide is obtained on dis- 
solving 10 grams of copper in hydrogen nitrate? 

30u + 8HNO3 = 3CU2NO3 + 4H,0 + 2N0. 

10. What volume of nitric oxide at 13*^0. is obtained 
on dissolving 25 grams of copper in hydrogen nitrate ? 

3Cu + 8HN0, = 3Cu2NO, + 4H,0 + 2N0. 

11. How much copper is required to form 10 litres of 
nitric oxide 1 

3Cu + 8HNO3 = 3CU2NO3 + 4H3O + 2N0. 

12. How much ammonium nitrate is required to make 
40 litres of nitrous oxide ? 

KH,N03 = 2H,0 + N3O. 

13. 30 C.C. of nitrogen at 18** 0. were measured in a 
tube. The barometer was 750 m.m. and the mercury stood 
at 120 m.m. in the tube. Find the normal volume of the 
gas and its mass in grams. 

14. 127 grams of copper are dissolved in hydrogen 
nitrate, what volume of nitric oxide at 14° C. and 1000 m.m. 
is given off? 

30u + 8HNO3 = 3CU2NO3 + 4H,0 + 2N0. 

15. What volume of hydrogen sulphate (A 1*84) must 
be distilled with 1 kilo, of sodium nitrate to make hydrogen 
nitrate, and what volume of hydrogen nitrate (A 1*5) will 
be formed ? 

NaNO, + H,SO, = HNaSO, + HNO,. 

16. What is the mass of 100 litres of (a) nitrous oxide 
N3O, and (P) nitric oxide N0 1 

17. What volume of nitric oxide is obtained on boiling 
50 grams of hydrogen nitrate with an excess of acidified 
ferrous sulphate ? 

2HNO3 + 3H3SO, + 6FeS0, = 3Fe33SO, + 4H,0 + 2N0. 
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18. What is the mass of 270 c.c. of nitrogen measured 
over water at 8° C. and 768 m.m. ? 

19. How much phosphorus can be burnt in 4 litres of 
nitrous oxide measured at 14^0.9 

20. 5 C.C.* of mercury (A 13*55) are warmed with 
hydrogen nitrate, what volume of nitric oxide at 21^0. is 
evolved 1 

3Hg + 8HN0, = 3Hg2N03 + 4H,0 + 2N0. 

21. 100 grams of cuprous oxide are warmed with 
dilute hydrogen nitrate, what volume of nitric oxide is 
evolved ? 

3Cu,0 + I4HNO3 = 6CU2NO3 + 7H,0 + 2N0. 

22i At 27® 0. nitrogen tetroxide is 2*65 times as heavy 
as air, and at 180*^0. it is 1*57 times as heavy, find the 
corresponding molecular weights. 

23. Find the percentage composition of (a) nitrosyl 
chloride NOCl, and (fi) nitiyl chloride NO.Cl. 

24. What volume of chlorine at 15° 0. must be passed 
over 20 grams of silver nitrate to obtain nitrogen pentoxide t 

CI, + 2AgN03 = 2 AgCl + O + Hlfi,. 

25. 4 litres of nitric oxide at 17^0. and 750 m.m. are 
passed over red-hot copper, what volume of nitrogen at 7® C. 
and 600 m.m. is formed ? 

2N0 + 20u = 2CuO + N,. 

26. 3 grams of urea are warmed with potassium nitrite 
and hydrogen sulphate, what volume of nitrogen and of 
carbon dioxide is given off f 

CON3H, + N3O3 = 2N, + 2H3O + 00^ 
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27. 300 grams of dry lead nitrate are heated, what 
Yolame of nitrogen tetroxide at 100^ C. is evolved? 

Pb2N0^ = PbO + O + 2N0,. 

28. Excess of carbon is thrown into 100 grams of fused 
pk>tassium nitrate, what volume of nitrogen and of carbon 
dioxide is evolved ] 

4KNO3 + 50 = 2K,C03 + 2N, + 300,. 

29. A substance contains 



Silver 78-25 per cent. 
Nitrogen 10-15 „ 
Oxygen 11-59 „; 



Find its formula. 

30. What volume of ammonia is required to neutralize 
10 grams of hydrogen chloride ? 

HOI + NH, = NH.Ol. 

31. What volume of ammonia at 15^0. and 740 m.m. 
could be obtained from 107 grams of ammonium chloride ) 

2NH,01 + OaO = OaOl, f H,0 + 2NH,. 

32. What is the mass of 2 litres of solution of am- 
monia (A -88) 1 

33. What volume is occupied by 100 grams of am- 
monia NH3 ? 

34. 29 c.c. of ammonia are decomposed by a series of 
electric sparks, and the mixed gases are exploded with 
30 cc. of oxygen. What volumes of what gases remain f 

2NH3 = N, + 3H„ 
3H3 + 30 = 3H3O. 
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35. 2 grams of potassium are heated in ammonia, how 
much potassamide and what volume of hydrogen at 15° C. 
is formed ? 

K + NH3=KH,N + H. 

36. 10 grams of solution of ammonia when mixed with 
sodium hypobromite gave 1 litre of nitrogen at 7° C. Find 
the percentage of ammonia in the solution. 

3NaBrO + 2NH3 = 3NaBr + 3H,0 + N,. 



37. What is the volume of 20 grams of ammonia (NH,) 
at 12^*0. and730m.m.] 

38. 25'82 litres of nitric oxide diffuse through a certain 
apparatus in 50 minutes, what volume of hydrogen will dif- 
fuse under the same conditions 1 

39. A litre of hydrogen nitrate (A 14 containing 70 
per cent, of real acid) is mixed with water and caused to 
act upon excess of copper. What volume of nitric oxide is 
given oflPI 

3Cu + SHNO. = 3CU2NO3 + 4H,0 + 2N0. 

40. Excess of phosphorus is burnt in 10 litres of nitrous 
oxide, how much phosphorus pentoxide is formed, and what 
volume of nitrogen at 15*^ C. is left? 

P,+ 5N,0 = P303 + 5N.. 

41. 2 litres of nitryl chloride at 15° 0. are passed over 
warm silver nitrate, how much nitrogen pentoxide is formed ? 

NO3C1 + AgNo, = Agci + isr^o^ . 

42. Find the percentage composition of dimercuram- 
monium iodide NHg,!. 
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CHAPTER IX. 
The Atmosphere. 

A LiTBE of normal air weighs 1*293 grams. 

Air contains 23*8 per cent, of oxygen bj mass, and 20*9 
per cent, of oxygen by volume. 

1. The pressure on 134 c.c. of air is increased from 
480 m.m. to 1200 m.m. Find the new volume. 

2. 476 C.C. of air are heated to 637® C. Find the new 
vohniie. 

3. What is the mass of 500 cubic metres of air at 

2rc.i 

4. Find the mass of 640 c.c. of air measured at 546° C. 
and 712 m.m. 

5. Westminster Hall is 290 feet long, 68 feet wide, and 
110 feet high, how many tons of air does it contain ? 

6. The area of the basin of the Thames is 6000 square 
miles. A rainfall of 3*937 inches upon it is how many cubic 
metres of water 1 

7. 200 cc. of air are measured at 20° C. and 740 m.m. 
What is the normal volume? 
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8. Find the normal Yolume of 250 litres of air measured 
at 30" C. and 740 m.m. 

9. 20 C.C. of air are mixed with 30 c.c. of hydrogen and 
exploded, what volumes of what gases are left 1 

10. On Oct. 14th, 1881, the pressure of the wind at 
Greenwich was 53 lbs. per square foot, how many grams per 
square centimetre is the pressure equivalent to? The pres- 
sure on the same day at Birkenhead was 77 lbs. per square 
foot, how many tons pressure was there on a wall 50 feet 
high and 60 feet long? If the rate of the wind was 65 miles 
per hour, how many feet per second was it? 

11. How many pounds of air at 15** 0. are there in a 
room 30 feet long, 22 feet wide, and 15 feet high ? And 
what mass of oxygen is there in the air ? 

12. How many kilograms of air are there in a room 
17 feet 6 inches long, 14 feet wide and 10 feet high? 

13. It is calculated that the mass of the atmosphere is 
equal to that of 581 000 cubic kilometres of copper (A 8-9). 
Find the i*adius of an iron (A 7 '8) sphere equal in mass to 
the atmosphere. 

14. How much phosphorus must be burnt in what vo- 
lume of air at 0" 0. to make 15*8 litres of nitrogen at 13" 0.f 

p. + O. = P.O.. 

16. What volume of air containing 21 per cent, of oxy- 
gen by volume is required to burn 248 grams of phosphorus? 

p. + 0. = P.O.. 

16. How much phosphorus is required to remove tlit 
oxygen from a Htre of air? 

P. + 0.=P.O.. 
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17. How much sulphur can be burnt in 20 litres of air 

at26*C.] 

S + 0, = SO,. 

18. What volume of air at 2V C. must be passed over 
100 grams of copper to convert them into cupric oxide 1 

Ou + O = CuO. 

19. How much magnesium can be burnt in a globe 
oontaining 5 litres of air at 21^0. and 740 m.m.? 

Mg + O = MgO. 

20. How much moist iron can be oxidized bj a cubic 
metreofairat 13°C.1 

2Fe + 30 = Fe,03. 

21. In one of Dumas' experiments to determine the 
composition of air hj passing it over heated copper: — 

Mass of tube and copper before the experiment 1 20 grams. 

„ „ „ after „ 12M5 „ 

Mass of the exhausted globe „ 852 „ 

„ globe and nitrogen „ 855*85 „ 

Calculate the percentage composition of air by mass and hj 
volume. 

22. How much phosphorus is required to remove all 
the oxygen from 100 litres of air at 15^0. and 740 m.m.? 

p. + O. = P.O.. 

23. An inch of rain is how many tons of water on an 
acrel 



24. 100 litres of air are passed over red-hot copper, how 
much does the copper increase in massi 

Cu + = CuO. 
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25. A magnesium (A 1 *74) wire is burnt in a cylinder 
of oxygen at 0^ C. When the temperature has again fallen 
to 0^ C, the length of wire burnt is found to be equal to the 
distance through which the water has risen in the cylinder. 
K the wire be 1 m.m. in diameter, find the radius of the 
cylinder. 

Mg + = MgO. 

26. A mass of air a mile square and 100 feet thick is 
saturated with aqueous vapour at 50° F. (the tension is 
9*165 m.m.). If the temperature fall to 41° F. (the tension 
is 6 '534 m.m.), how many tons of water precipitate? 

27. 1000 cubic metres of gas at 18° 0. and 765 m.m. 
are put into a balloon of 1250 cubic metres capacity. After 
ascending to a certain height the temperature is found to be 
8° C. and the balloon is fully distended. Find the height oi 
the barometer in the balloon and its distance from the earth. 

28. 500 grams of carbon are burnt in 60 cubic metres 
of air free from carbon dioxide at 14° 0. Find the percent- 
age of nitrogen, oxygen, and carbon dioxide in the air after 
the experiment 

o+o,=co,. 

29. 146 C.C. of air at 10° C. and 730 m.m. are measured 
over water, what would the dry normal air measure % 

30. A vessel of water at 99° C, weighing when reduced 
to water 50 kilos., was placed in a room 10 m. each way con- 
taining air at 0° 0. and 760 m.m., the walls of which were 
impervious to heat. Find the temperature of the air and 
the increase in pressure on each sq. cm. of the surface of the 
room. 
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CHAPTER X. 
Cakbon, C = 12, 

1. A diamond (A3*5) weighs 7 grams, what is its 
volume ) 

2. The density of coal is 1'257. (a) How many cubic 
feet are occupied by a ton of coal) (j3) What does a cubic 
yard of coal weigh! 

3. How many pencil-leads 2 m.m. square and a decime- 
tre long can be cut from a kilogram of graphite (A2*25)1 

4:. The specific heat of graphite is '198, what is its pro- 
bable atomic weight? 

5. Find the mass of 100 litres of carbon monoxide (00) 
measured at 68° F. 

6. 38 litres of carbon monoxide at 18° 0. and 672 m.m. 
are required, how much dry hydrogen oxalate must be used? 

0,H,0, = H,0 + 00, + 00. 

7. 10 litres of carbon monoxide at 14° 0. and 760 m.m. 
are required, what volume of normal carbon dioxide must 
be passed over red-hot carbon, and what mass of carbon is 
absorbed? 



00,4-0 = 200. 



Ii* A« C* 
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8. What volume is occupied by 100 grams of (a) carbon 
monoxide CO? (j8) carbon dioxide 00^1 

9. 30 C.C. of carbon monoxide are exploded with excess 
of oxygen, 35 c.c. of gas remain, what volume of oxygen was 
added? 

10. 50 c.c. of a mixture of carbon monoxide and hydro- 
gen are exploded with excess of oxygen. 30 c.c. of gas 
remain, of which 20 c.c. are absorbed by potassium hydrata 
What was the volume of the carbon monoxide and of the 
added oxygen? 

CO + = CO^ 

H, + = H,0. 

1 1. Find the mass of 10 litres of carbon monoxide (00) 
measured at 39^ 0. and 800 m.m. 

12. A substance contains carbon 20 per cent., oxygen 
26*6 per cent, and sulphur 53 -^ per cent. Find its formula. 

13. A diamond weighing 7 grams is burnt in oxygen, 
what volume of carbon dioxide is formed? 

C+ 0^ = 00^ 

14. 10 grams of turpentine are burnt, what volume of 
carbon dioxide is formed? 

0,,H,, + 280 = 8H,0 + lOCO^ 

15. 10 grams of common alcohol are burnt, what volume 
of carbon dioxide is formed? 

0,H,0 + 60 = 3H,0 + 200,. 

16. 10 lbs. of paraffin candles are burnfc, what mass of 
carbon dioxide and of water is formed? 

O^H^ + 610 = 20OO, + 21H,0. 
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17. 8-96 litres of carbon dioxide at SV 0. and 912 m.m. 
are required, how much marble must be used? 

CaCOg + 2HC1 = CaCl, + H,0 + CO,. 

18. 200 grams of platinum (sp. ht. '032) are cooled in 
solid carbon dioxide and then dropped into 100 grams of 
water at 16°0. If the temperature of the water fall to 
10" 0., what is the temperature of the carbon dioxide? 

19. How much marble must be dissolved in acid to give 
20 litres of carbon dioxide at 18" 0. and 740 m.m. 1 

OaCO, + 2HC1 = CaCl, + H,0 + CO,. 

20. How much potassium and hydrogen carbonate is 
required to give a litre of carbon dioxide? 

KHCO3 + HOI = KCl + H,0 + CO.. 

21. At Paris in 1840 the daily production of carbon 
dioxide (CO J was 3 000 000 cubic metres. Find the mass of 
the gas. 

22. 4 kilograms of carbon are burnt in an engine, which 
can apply 12 per cent, of the theoretical energy to external 
work. Through how many metres would the force suffice to 
lift 1000 kilograms? 

23. 1000 volumes of water form 1092 volumes of ice. 
To what temperature Centigrade must 1000 volumes of 
mercury at 0" C. be heated to expand half as much? How 
much carbon must be burnt to heat the mercury, if volumes 
be reckoned in cubic inches? And also how much to melt 
the ice? (Latent heat of water 80. Sp. ht. of mercury '033. 
Coeff. of expansion of mercury for 1" C. -g-yyir)' 

24. How many ounces avoirdupois of sodium and hydro- 
gen carbonate and of hydrogen tartrate must be used to 
charge a gasogen holding 4 litres with gas under a pressure 

9—2 
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of 4 atmospHeres? (1 volume of water at 10^ C. absorbs 
1*1847 volumes of carbon dioxide under 1 atmosphere). 

HNaOO, + C.H^O, = C,H,NaO, + H,0 + CO.. 

25. Calcium hydrate is soluble in 730 times its mass of 
water, what volume of carbon dioxide at 13® C. is required 
to precipitate all the calcium from 3000 grams of lime-waterl 

CaH,0, + CO, = H,0 + CaC03. 

26. How many grams do 10 litres of marsh-gas (CHJ 
weigh? 

27. 10 grams of hexane are burnt, what volume of car- 
bon dioxide is formed) 

C,H,,+ 190 = 7H,0 + 6CO,. 

28. What is the percentage composition of (a) marsh- 
gas CH,1 ()3) ethene C,H J (y) ethine C,H, ? 

29. 15-2 litres of methane at 17** C. and 870 m.tn. are 
required, how much sodium acetate must be used ? 

2NaC.H30;+ BaH,0. = BaC03 + ISra,C03 + 2CH,. 

30. 374*1 66 C.C. of hydrogen diffuse through a certain 
apparatus in 10 seconds, what volume of ethene (C.H^) will 
diffuse under the same circumstances ? 

31. 25 C.C. of ethene are exploded with 100 cc. of 
oxygen, what volume of carbon dioxide is formed, and what 
volume of oxygen is left 1 

C,H, + 30,= 2CO. + 2H.O. 

32. Find the mass of a litre of (a) ethine C,H,, (J3) 
ethene C,H^. 

33. What is the percentage composition of potassium 
cyanide KCN 1 

34. Find the mass of 20 litres of cyanogen (C.NJ. 
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35. 145 grams of potassium ferrocjanide were dissolved 
in 400 C.C. of water, and the density of the solution was 
found to be 1*1 6» By how much did the solution of the 
ferrocyanide increase the volume of the liquid 1 

36. Find the mass of 76 litres of marsh-gas (GH^) 
measured at 3V 0. 

37. Find the mass of 1-51 liti-es of benzene (C^Hg) 
vapour measured at 180® 0. 

38. What is the mass of 3-73 litres of ethene (O.HJ 
measured at 100® ? 

39. "What volume of ethene at 16*0. and 750 m.m. is 
required to saturate 100 c.c. of bromine (A 3) ? 

40. Find the percentage of water in crystallized hy- 
drogen oxalate (C,H,0^ . 2H,0). 



41. 100 grams of crystallized hydrogen oxalate are 
heated with hydrogen sulphate, what volume of carbon mon- 
oxide at 30® C. and 747 m.m. is evolved 1 

C,H,0, . 2H,0 = 3H,0 + CO. + 00. 

42. 100 litres of cai'bon monoxide at 14® 0. and 1000 
m.m. are required, how much sodium formate must be 
heated with hydrogen sulphate ? 

NaOHO, + H,SO, = NaHSO, + H,0 + 00. 

43. The vapour-density of phenyl-naphthalene (Oj^Hj^) 
was determined by Meyer's third method. 0*1105 gram 
gave 13*2 c.c. of nitrogen at 17*5® 0. The barometer stood 
at 754*1 m.m., and the tension of the aqueous vapour was 
14*9 m.m. Find the density of the vapour. 

44. A substance contains carbon 53*16 per cent., hydrogen 
6*3 per cent., and oxygen 40*54 per cent. Find its formula. 
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45. The vapour density of dibromamylene (CgH^^jBrg) 
was determined by Meyer's third method. 0*12 gram gave 
13'1 C.C. of air at 17^0. The barometer stood at 758 m.m., 
and the tension of aqueous vapour was 14*4 m.pi. Find the 
density of the vapour. 

46. A globe, the capacity of which was 178 cc, when 
filled with air at 15° G. weighed 23*45 grams, and when 
filled with the vapour of a hydrocarbon at 110° C. weighed 
23*72 grams. Find the density of the vapour. 

47. Camphor vapour is 5*312 times as heavy as air, 
what is its double density referred to hydrogen? 

48. Find the mass of 295 cc. of camphor (C^^'K^fi) 
vapourat210°0. 

49. A globe, the volume of which was 810 cc. when 
full of air at 14° C. weighed 119 grams, and when full of 
alcohol vapour at 100° 0. weighed 119*2 grams. Find the 
density of the vapour. 

50. A substance contains carbon 45 parts, hydrogen 
7*5 parts, and oxygen 60 parts. Find its most simple 
formula. 

51. 0*25 gram of an organic substance gave when burnt 
0*8103 gram of carbon dioxide and 0*2655 gram of water. 
Its vapour is 4*76 times heavier than air. Find its formula. 

52. 0*243 gram of a substance, containing only carbon, 
hydrogen and oxygen, gave 0*693 gram of carbon dioxide 
and 0*162 gram of water. Find its simplest formula. 

53. Find the formula of a substance containing carbon 
26*66 per cent., oxygen 53*33 per cent., and water 20 per 
cent. 

54. A neutral substance was found to contain carbon 
39*56 per cent., hydrogen 7*69 per cent., and oxygen 52*75 
percent. Find its formula. 
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55. 0-3807 gram of an organic acid gave 0*9575 gram of 
carbon dioxide and 0*1698 gram of water. 0*4:287 gram of 
the silver salt gave 0*202 gram of silver. Find the formula 
of the acid. 

56. A body contains carbon 50*37 per cent, hydrogen 
6*33 per cent., nitrogen 17*95 per cent., and oxygen 25*36 
per cent. Find its formula. 

57. A substance contains carbon 49*485 per cent, hy- 
drogen 5*155 per cent, nitrogen 28*866 per cent, and 
oxygen 16*495 per cent Find its formula. 

58. A substance contains carbon 35*71 per cent, hy- 
drogen 2*38 per cent, nitrogen 33*33 per cent, and oxygen 
28*58 per cent Find its formula. 

59. 4*85 grams of an organic substance gave when 
burnt 6*95 grams of carbon dioxide and 0*95 gram of water. 
5*46 grams of it gave 681 c.c. of nitrogen at 13*^0. and 
775 m.m. Calculate its percentage composition and formula. 

60. A substance contains carbon 68*67 per cent, hy- 
drogen 4*95 per cent, and oxygen 26*38 per cent, and its 
vapour is 4*226 times heavier than air. Find its formula. 

61. A body contains carbon 19*04 per cent, hydrogen 
4*76 per cent., sulphur 25*4 per cent, and oxygen 50*8 per 
cent Find its formula. 

62. A substance contains carbon 74*07 per cent, hy- 
drogen 8*64 per cent, and nitrogen 17*29 per cent Find 
its formula. 

63. 0*4102 gram of a liquid gave when burnt with lead 
chromate 0*5119 gram of carbon dioxide, and 0*2286 gram 
o£ water. 0*3878 gram of it gave 0*3975 gram of silver 
iodide and 0*0148 gram of silver. Calculate its percentage 
composition and formula. 
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CHAPTER XL 
Chlorine. CI = 35*5^ 

1. What yolome is occupied by 177*5 grams of chlorine 

<ci.)t 

2. How much salt is required to make 28 litres of 
chlorine) 

2NaCl+MnO,+2H,SO,=2H,04.Na,SO,+MnSO,-fCl,. 

3. What volume of chlorine can be made from 2078 
grams of salt? 

2NaCl+MnO,+2H,SO,= 2H,0+Na,SO,+MnSO,+ Cl,. 

4. How many grams of manganese dioxide are required 
to make 40 litres of chlorine at 37* C. 1 

MnO. + 4HC1 = 2H,0 + MnCl, + Cl^ 

5. How much common salt must be used to make 
150 c.c. of gaseous hydrogen chloride? 

2Na01 + H,SO^ = Na.SO, + 2HCL 

6. How many pounds of common salt are required to 
make 150 pounds of solution of hydrogen chloride containing 
31*5 per cent, of real acid t 

2NaCl + H,SO, = Na.SO, + 2HC1. 
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7. What volume of chlorine at 39® 0. is required to make 
1000 grams of bleaching powder? 

01, + CaH,0, = H,0 + CaOCl,. 

8. How many grams of hydrogen chloride can be 
obtained from 100 grams of salt? 

2Na01 + H,SO, = Na.SO, + 2HC1. 

9. How much salt is required to make 1000 grams of 
hydrogen chloride ) 

2NaCl + H,SO^ = Na,SO, + 2HC1. 

10. 20 grams of dilute hydrogen chloride gave 4*53 
grams of silver chloride, what is the percentage of real acid 
in the solution ? 

HCl + AgNO, = HNO3 + AgCl. 

11. What volume of hydrogen is required to unite with 
onegramofchloiine? 

H + C1=HC1. 

12. What volume is occupied by 78 grams of gaseous 
hydrogen chloride (HCl) ? 

13. 500 grams of potassium chlorate are heated, how 
much potassium chloride is left ? 

KCIO3 = KCl + 30. 

14. 490 grams of potassium chlorate are heated, what 
volume of oxygen is evolved 1 

K010,= KCl + 30. 

15. What volume of oxygen at 17° C. is evolved on 
heating 245 grams of potassium chlorate 9 

E:C103 = KC1 + 30. 

16. What volume of oxygen and mass of potassium 
perchlorate is formed on gently heating 245*2 grams of 
potassium chlorate ? 

2KCIO3 =. KOI + KOlO, + O,. 
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17. How many litres of chlorine at 13® C. and 720 m.m. 
are required to produce 3810 grams of bleaching powder 1 

01, + OaH,0, = H,0 + CaOCl,. 

18. How many kilograms of pyrolusite, containing 
80 per cent, of manganese dioxide, are required to decom- 
pose 400 kilograms of hydrogen chloride, containing J of 
its mass of real acid 1 

MnO, + 4HC1 = 2H,0 + MnCl, + 01,. 

19. 100 grams of sodium chloride are heated with 
hydrogen sulphate, what volume of hydrogen chloride at 
39' 0. is evolved ? 

2Na01 + H,SO, = Ka,SO, + 2HCL 

20. Find the percentage composition of bleaching 
powder if its formula be (a) OaO,Cl„ (fi) OaOOl,, (y) 
Ca3H,0,01,. 

21. The density of chlorine trioxide is found to be 
39-7, and that of the tetroxide 33*8; what might these 
numbers be expected to be ? 

22. How much potassium chlorate is required to make 
36-48 litres of oxygen at 15° 0. and 750 m.m.1 

KC103=KCl + 30. 

23. Find the mass of one litre of chloroform (OHOIJ 
vapour measured at 200° 0. 

24. Find the mass of 1-6 litres of carbonyl chloride 
(0001,) measured at 26° 0. and 730 m.m. 



25. What volume of chlorine at 12° 0. and 750 m.m. 
can be obtained from 1170 grams of salt? 

2Na01 + MnO, + 2H,S0, = 2H,0 + Na^SO, + MnSO, + 01,. 
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26. 10 grams of potassium dichromate are heated with 
hydrogen chloride, what volume of chlorine at 30*^0. and 
740 m.m. is given off] 

K,Cr,0, + 14HC1 = 7H,0 + 2KC1 + Cr,Cl, + 3C1,. 

27. 463 grams of common salt are heated with hy- 
drogen sulphate, what volume of hydrogen chloride is given 
offi 

2NaCl + H,SO, = Na.SO^ + 2H01. 

28. What volume of chlorine will diffuse under the 
same circumstances as 10 litres of nitrogen 1 

29. What volume of chlorine at 20® 0. is required^ to 
convert 10 grams of copper leaf into cupric chloride? 

Cu + CI, = CuOl,. 

30. 5 grams of silver chlonde are heated in hydrogen, 
what volume of hydrogen chloride is formed ? 

AgCl + H = Ag + H01. 

31. From 2078 grams of sodium chloride what volume 
of chlorine can be obtained 1 

2NaCl + MnO, + 2H,S0, = 2H,0 + Na.SO, + MnSO, + CI,. 

32. One gram of silver oxide is thrown into hydrogen 
hypochlorite, what volume of oxygen at 2V C. and 770 m.m. 
is given off? 

Ag,0 + 2HC10 = 2AgCl + H,0 + O,. 

33. 8*5 c.c. of the strongest solution of hydrogen 
chloride (containing 500 times its volume of the normal 
gas) is warmed with twice its volume of hydrogen sulphate. 
What volume of hydrogen chloride at 20° C. and 780 m.m. 
is given off? 
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34. A solution of 10 grams of bleaching powder is 
run into excess of hot hydrogen chloride, what volume of 
chlorine at 13° 0. is given off? 

OaOCl, + 2H01 = OaCl, + H,0 + 01,, 

35. A gram of bleaching powder when boiled with 
cupric oxide gave 80c.c. of oxygen at 7^0. and 800 m.m. 
Find the percentage of real bleaching powder in the sample. 

CaOOl, = CaCl, + O. 

36. When 1 '205 grams of bleaching powder were boiled 
with cupric oxide, 58 'Sec. of oxygen at 13'5°0. measured 
over water were obtained. The height of the water column 
was 340 m.m. and of the barometer 766 m.m. Find the 
percentage of real bleaching powder in the sample. 

CaOOl, = CaCl, + O. 

37. 50 C.C. of chloroform (Al'5) are run into a hot mix- 
ture of potassium dichromate and hydrogen sulphate; what 
volume of carbonyl chloride at 10*^0. and 730 m.m, is evolved? 

2CH01, + 30 = H,0 + 01, + 20001,. 

38. 10 litres of chlorine at IS'' 0. are passed into a warm 
mixture of carbon disulphide and antimony pentachloride, 
how much carbon tetrachloride is formed? 

401,+ OS,= 2S01,+ 2001,. 
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CHAPTER XIL 
Bromine. Br =80, 

1. Sea-water contains 0*007 per cent, of magnesium 
bromide (MgBr^). What volume of it is required to obtain 
one litre of bromine (A3) ? 

2. What is the volume of 1000 grams of bromine A3) 

3. Find the mass of 1 c.c. of bromine vapour (Br,), 

4. If the mercury (A13'5) barometer stands at 80 cm.; 
how high will one of bromine (A3) stand? 

5. ^ind the percentage composition of bromine hydrate 

(Br,10H,O). 

6. How much potassium bromide is required to prepare 
10 grams of bromine ? 

2KBr + MnO, + 2H,S0, = 2H,0 + K,SO, + MnSO, + Br,. 

7. How many grams of bromine are there in a litre of 
gaseous hydrogen bromide (HBr) ? 

8. How much potassium (a) bromide, (^) bromate is 
formed on adding 520 grams of bromine to a solution of 
potassium hydrate? 

. 6Br + 6HK0 = 3H,0 + 5KBr + KBrO,. 
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9. Find the mass of 127 c.c. of gaseous hydrogen bro- 
mide (HBr). • 

10. 9 grams of potassium bromide are distilled with 
hydrogen phosphate, what volume of gaseous hydrogen bro- 
mide at 26** C. is evolred? 

KBr + H3P0^ = KHgPO^ + HBr. 

11. 70 grams of bromine are dissolved in water, what 
volume of hydrogen sulphide at 15** 0. is required to convert 
them into hydrogen bromide? 

Br, + H,S = S + 2HBr. 

12. The strongest solution of hydrogen bromide (HBr 
Al*515) contains half its mass of real acid, how much bro- 
mine is there in a litre of the solution? 

13. Find the percentage composition of silver bromide 
(AgBr). 

14. 10 grams of potassium bromate are heated, what 
volume of oxygen at 1*3° is given off 1 

KBr03 = KBr + 30. 

15. Hydrogen bromide is 2*71 times as heavy as air, 
find its molecular weight. 

16. 100 grams of water dissolve 3 grams of bromine, if 
the vapour of the solution be passed through a red-hot tube, 
what volume of oxygen at 13** 0. is set freel 

Br, + H,0 = 2HBr + 0. 



17. Find the mass of 1 c.c. of bromine (Br J vapojor 
measured at 150** 0. 
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18. 10 grams of phosphorus tribromide are decomposed 
by water and silver nitrate is added, how much silver bro- 
mide precipitates? 

PBr3 + 3H,0 + SAgNO, = H3PO3 + SHNO^ + 3 AgBr. 

19. How much phosphorus, and what volume of bro- 
mine (A 3) are required to make 10 litres of hydrogen 
bromide? 

P + 3Br + 3H,0 = HgPOa -h 3HBr. 

20. De Marignac found that 3*946 grams of silver dis- 
solved in hydrogen nitrate were precipitated by 4*353 grams 
of potassium bromide. Calculate the atomic weight of 
bromine. 

AgNOg + KBr = KNO, + AgBr. 

21. A spherical glass bulb is to contain 10 grams of 
bromine (A 3), what must its internal radius be? 
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CHAPTER XIII. 
Iodine. 1=127. 

1. How much ferric chloride is required to obtain the 
iodine from 100 tonnes of kelp, each tonne of which contains 
4*07 kilograms of iodine? 

2NaI + Fe.Ol, = 2Na01 + 2FeCl, + 1,. 

2. How many times is solid iodine (A 4*94) heavier 
than an equal volume of its vapour measured at 350° C. ? 

3. Iodine vapour is 8*716 times as heavy as air, find its 
molecular weight. 

4. 3 '81 grams of iodine vapour mixed with hydrogen 
are passed through a red-hot tube, what volume of hydrogen 
iodide is formed? 

H + I = HI. 

5. What mass of hydrogen is there in 1 litre of hydro- 
gen (a) bromide (HBr) and (fi) iodide (HI)? 

6. 20 grams of iodine are suspended in water, what 
volume of hydrogen sulphide at 15® 0. is required to convert 
them into hydrogen iodide? 

I, + H,S = S + 2HI. 

7. How much iodine is there in a litre of a solution 
(A 1*7) containing 52 per cent of hydrogen iodide (HI)? 
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8. How mucH iodine, phosphorus, and potassium iodide 
must be used to make 10 litres of gaseous hydrogen iodide 
at 15° 0.1 

101, + 4P + SKI + 16H,0 = 4K,HP0, + 28HI. 

9. Find the percentage of iodine and of oxygen in iodine 
(a) pentoxide (IjOJ and (/?) septoxide (Ifij), 

10. Find the percentage composition of hydrogen (a) 
iodate (HIO3) and (^8) periodate (HIOJ. 

11. 119 grams of iodine are suspended in water, what 
volume of chlorine is required to convert them into hydrogen 
iodate? 

i + 501 + 3H,0 = 5H01 + HIO3. 

12. 14 grams of potassium iodate are heated, what 
volume of oxygen at 13" 0. is evolved? 

KIO3 = KI + 30. 



13. How much phosphorus and iodine must be used to 
make 100 litres of hydrogen iodide at 30° 0. and 740 m.m. ? 

P + 31 + 3H,0 = H3PO3 + 3HI. 

14. A balloon contains 5 litres of chlorine at 20° 0. and 
780 m.m., how much iodine must be thrown into it to obtain 
the monochloride ? 

I + 01 = 101. 

15. 0*1 gram of potassium dichromate is distilled with 
hydrogen chloride, how much iodine will the resulting chlo- 
rine set free from potassium iodide? 

K^Or.O, + 14H01 = 7B.fi + 2K01 + Or.Ol, + 601. 

KI + 01 = K01 + I. 

L. C. A. 10 
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16. A mixture of potassium chloride, bromide, and 
iodide was precipitated by silver nitrate and the silver chlo- 
ride bromide and iodide was found to weigh 15-67 grams; 
after heating with bromine water, the silver chloride and 
bromide weighed 14-69 grams ; lastly after heating with 
chlorine water the precipitate weighed 12*2 grams. Find 
how much chlorine, bromine, and iodine was present in the 
mixture. 

1 7. Find the percentage composition of iodoform (OHIJ. 
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CHAPTER XIV. 
Fluorine. F = 19. 

1. What mass of hydrogen fluoride can be obtained 
from 100 grams of fluor-spar? 

OaF, + H,SO, = OaSO, + 2HF. 

2. 100 grams of fluor-spar are heated with hydrogen 
sulphate, how much calcium sulphate is formed ? 

OaF, + H,SO^ = OaSO^ + 2HF. 

3. What volume of hydrogen fluoride at 15** C. can be 
obtained from 7*8 grams of fluor-spar? 

CaF, + H,SO, = CaSO, + 2HF. 

4. 468 grams of fltior-spar are heated with silicon diox- 
ide and hydrogen sulphate. If the gas produced be passed 
into water, how much silicon dioxide and hydrogen fluosili- 
cate is formed? 

20aF, + SiO, + 2H,S0, = 2CaS0, + 2H,0 + SiF,. 
3SiF, + 2H,0 = SiO, -h 2H,SiF,. 

6. 100 grams of fluor-spar gave, when heated with hy- 
drogen sulphate, 174*5 grams of calcium sulphate. What 
is the atomic weight of fluorine? 



CaF, + H,SO, = CaSO, + 2HF. 
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6. Eind the percentage composition of (a) fluor-spar 
(CaF,), (/3) cryoUte (Na.Al.F„). 

7. 3*2617 grams of calcium fluoride gave 5*6867 grams 
of calcium sulphate. Find the atomic weight of fluorine. 

CaF, + H,SO, = CaSO, + 2HF. 

8. What volume of hydrogen fluoride at 20® 0. can be 
obtained from 20 grams of cryolite? 

Na,Al,F^, + 6H,S0, = 3Na,S0, + A1,3S0, + 12HF. 

9. What volume of hydrogen fluoride can be obtained 
from 50 grams of fluor-spar 1 

CaF, + H,SO, = CaSO^ + 2HF. 

10. 150 C.C. of hydrogen fluoride are passed over heated 
sodium, how much sodium fluoride is formed? 

HF + Na = H + NaF. 



11. Find the mass of 10 litres of hydrogen fluoride 
(HF) at 30® C. and 740 m.m. 

12. Commercial hydrogen fluoride contains 35 per cent, 
of real acid, if 100 grams of it be heated with excess of hy- 
drogen sulphate, what, volume of gas (HF) at 20® 0. and 
750 m.m. is evolved? 

13. To determine the density of hydrogen fluoride, a 
balloon holding 4394*7 c.c. was filled with the vapour at 
30® C. and 745 uLm. The following results were obtained: — 

Mass of the balloon and vapour 428*255 grams. 
Mass of the empty balloon 421*436 grams. 

Find the density of hydrogen fluoride. 

14. What diflerence does the result obtained in 13 
make in the answers of 11 and 12 1 
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CHAPTER XV. 

Sulphur. S = 32. 

1. Find the percentage composition of (a) galena (PbS), 
<j8) zinc blende (ZnS). 

2. Find the formnlse of substances containing (a) copper 
34*5 per cent., iron 30*5 per cent., and sulphur 35 per cent, 
(J3) calcium 29-4 per cent., sulphur 23*6 per cent., and oxygen 
47 per cent 

3. What volume is occupied by 1000 kilograms of (a) 
common sulphur (A 2*05), and (fi) plastic sulphur (A 1-967)1 

4. 8 grams of sulphur are burnt in air, what volume of 
sulphur dioxide is formed ? 

S + 0, = SO,. 

*6. 20 grams of sulphur are burnt in oxygen, what vol- 
ume of sulphur dioxide is formed? 

S + 0, = SO,. 

6. 9*6 grams of sulphur are heated in hydrogen, what 
volume of hydrogen sulphide is formed? 

S + H, = H,S. 

7. What volume is occupied by 19*2 grams of sulphur 
dioxide (S0,)1 
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8. How mucli snlpliur must be burnt to make 10 litres 
of sulphur dioxide? 

9. What mass of hydrogen sulphate (A 1*84) will a tank 
1 by 2 by 3 metres hold) 

10. 102*4 grams of sulphur will form how much hydro- 
gen sulphatel 

S + 30 + H,0 = H,SO,. 

11. Eind the percentage composition of hydrogen (a) 
sulphite (H^SOJ, and (jS) sulphate (H.SOJ. 

12. A tank of hydrogen sulphate (A 1*84) is 10 feet 
long and 5 feet wide and deep. How many tonnes of acid 
will it hold? 

13. 16 litres of hydrogen diffuse through an apparatus 
in 100 minutes, how much stdphur dioxide (SO,) will diffuse 
under the same conditions ? 

14. What volume of sulphur dioxide at 20® 0. and 740 
m.m. can be obtained by the action of 20 grams of hydrogen 
sulphate upon copper? 

Ou + 2H,S0^ = CuSO, + 2H,0 + SO,. 

15. 50 c.c. of sulphur (A 2) are burnt, what volume of 
sulphur dioxide at 14° 0. and 780 m.m. is formed ? 

S + 0, = SO,. 

16. How much sulphur is there in a litre of sidphur 
dioxide (SO,) measured at 39"" 0. and 720 m.m. ? 

17. The density of the vapour of hydrogen sulphate 
referred to air is 1*697. What is its apparent molecular 
weight 1 

18. How much copper must be dissolved in hydrogen 
sulphate to furnish 10 litres of stdphur dioxide at 13*^ C. f 

Ou + 2H,S0, = OuSO, + 2H,0 + SO,. 
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19. How much copper and hydrogen sulphate are re- 
quired to make 1000 grams of sulphur dioxide) 

Cu + 2H,S0, = CuSO, + 2H,0 + SO,. 

20. 10 c.c. of sulphur (A 2) are burnt, what volume of 
sulphur dioxide at 30® 0. is formed ? 

S + 0, = SO,. 

21. How much copper must be dissolved in hydrogen 
sulphate to make 10 litres of sulphur dioxide at 18® 0. ? 

Ou + 2H,S0, = CuSO, + 2H,0 + SO,. 

22. What volume is occupied by 100 grams of sulphur- 
vapour (S J at 400® C. ? 

23. 50 kilograms of alcohol are mixed with 50 kilo- 
grams of carbon disulphide and burnt. From how large a 
room could the oxygen (20 per cent, by volume available) 
be removed ) 

0,Hp + 30,= 3H.O + 2CO„ 
OS, + 30,= 00, + 2SO,. • 

24. 10 c.c. of carbon disulphide OS, (A 1*27) are heat^ 
what does the gas measure at 350® 0. and 600 m.m. ? 

25. By heating 10000 grains of silver in sulphur-vapour 
Dumas obtained 11481*5 grains of silver sulphide. Find 
the atomic weight of sulphur. 

Ag, + S = Ag,S. 

26. A litre of sulphur dioxide is found to weigh 2*8672 
grams, what is its molecular weight ? 

27. A body contains hydrogen 1*12 per cent., sulphur 
85*9 per cent., and oxygen 62*98 per cent. Find its for- 
ftiula and name. 

28. What volume is occupied by 225 grams of hydrogen 
sulphide (H,S) at 273® 0. 1 
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29. How much hydrogen sulphate can be made from a 
ton of iron pyrites ? 

2FeS, + 4H,0 + 150 = Fe.O, + 4H,S0,. 

30. Find the mass in grams of a cubic inch of hydrogen 
sulphate (A 1-84). 

31. How many tons of pyrites containing 42 per cent, 
of sulphur are required to make 100 tons of oil of vitriol 
containing 70 per cent of real acid ? 

S + 30 + H,0 = H,SO,. 

32. 100 grams of lead form 146*45 grams of lead 
sulphate^ find the molecular weight of hydrogen sulphate. 

Fb + H,SO, = H, + PbSO,. 

33. How much oil of vitriol containing 70 per cent, of 
real acid can be made from 250 kilos, of pyrites containing 
42 per cent, of sulphur ] 

S + 30 + H,0 = H,SO,. 

• 

34. What volume of hydrogen sulphate (A 1*84) can be 
obtained from 1000 kilos, of iron pyrites ? 

2FeS, + 4H,0 + 150 = Fe.O, + 4H,S0,. 

35. How much sulphur is there in a litre of hydrogen 
sulphate (H^SO^ A 1-84) 1 

36. 10 grams of hydrogen sulphate are heated with 
phosphorus pentachloride, what volume will the sulphuryl 
dichloride formed occupy at 350** C ? 

H.SO, + 2P0L = 2P0CL + 2HC1 + SO.CL. 

S 4 9 o 8 8 

37. 5 C.C. of dilute hydrogen sulphate are naturalized 
by 18*8 C.C. of a solution of sodium carbonate, containing 
106 grams of the salt per litre. How many grams of hy- 
drogen sulphate are there in a litre of the dilute acid ? 

Na,C03 + H,SO, - 00, + H,0 + Na^SO,. 
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38. 4 litres of sulphur dioxide at 13^ 0. are mixed with 
oxygen and passed over a heated mixture of cupric and 
chromic oxides, how much sulphur trioxide is formed ? 

so.+o=so.. 

S 8 

39. Find the percentage composition of (a) potassium 
sulphate (K,SOJ, and (fi) sodium sulphate (Na^SOJ. 

40. Find the percentage composition of crystallized 
ferrous sulphate (FeSO^ . 7H.fi), and common alum 
(K,A1,4S0, . 24H.O). 

41. To make 100 litres of hydrogen sulphide, how 
much ferrous sulphide must be dissolved in acid ? 

FeS + 2HC1 = Fed, + H.S. 

42. What volume of hydrogen sulphide will diffuse 
under the same circumstances as 10 litres of oxygen 1 

43. Two litres of hydrogen sulphide and one litre of 
sulphur dioxide] both at 0° C. are passed through a red-hot 
tube, what volumes of sulphur and steam at 1000*0. are 
formed? 

2H,S + SO, = 3S + 2H,0. 

44. 20 grams of sulphur are heated in hydrogen, what 
volume of hydrogen sulphide at 300° 0. is formed 1 

S + H, = H,S. 

45. What volume of air is required to bum one litre of 
hydrogen sidphide ? 

H,S + 30 = H,0 + S0,. 

46. 10 grams of ferrous sulphide are dissolved in acid, 
what volume of hydrogen sulphide is evolved 1 

FeS + H,SO, - FeSO, + H,S. 



154 SULPHUR. 

47. 390 grams of antimony sulphide are dissolved in 
hot hydrogen chloride, what volome of hydrogen sulphide at 
30« C. is given off? 

Sb^S, + 6HC1 = 2SbOl3 + 3H.S. 

48. How many grams of sulphur are there in 600 c.c. 
of hydrogen sulphide (H,S) 1 

49. Find the mass of a roll of brimstone (A 2) 1 m. 
long and 4 cm. in diameter. 

50. 10 grams of carbon disulphide (OS,) vapour 
occupy what volume at 210° 0. *? 

51. Find the percentage composition of sodium thio- 
Bulphate (Na^S.O, . 5H.0). 

52. What volume of chlorine at 15^0. and 720 m.m. 
must be passed into excess of melted sulphur to make 245 
grams of sulphur monochloride ? 

01, + S.-S,C1,. 



53. What volume of air is required to bum 1000 grams 

of sulphur ? 

S + 0, = SO,. 

54. 2*867 grams of sulphur are burnt, what volume of 
sulphur dioxide at 30° 0. is formed 1 

S + O = SO,. 

55. What is the density of hydrogen sulphide (H,S) 
referred to air 1 

56. What is the mass of 4 litres of carbon oxysulphide 
(OOS) at 30° 0. 1 

57. A cubic decimetre of ferrous sulphide (A 4*4) is 
dissolved in dilute acid, what volume of hydrogen sulphide 
at 17° 0. and 770 m.m. is given off? 

FeS + HgSO^ = FeSO^ + H,S. 
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68, Wliat volume would the vapour of 10 grains of 
hydrogen sulphate (H^SO^) occupy at 400*^ 0. 1 

59. What volume of nitric oxide is required to bum 
10 grams of carbon disulphide ? 

CS, + 6N0 = 6N + CO, + 2S0,. 

60. If 134 grams of antimony sulphide are dissolved in 
hot hydrogen chloride, what volume of hydrogen sulphide at 
IS*^ 0. is given off] 

Sb^S, + 6HC1 = 2SbCl3 + 3H,S. 

61. A room 5 by 4 by 5 metres, the air of which contains 
20 per cent, by volume of available oxygen, is to be disin- 
fected. What volume of carbon disulphide (A 1 '2) can be 

burnt in it ? 

OS, + 30, = CO, + 2S0,. 

62. What volume of carbon disulphide (A 1 '27) must 
be burnt to give 10 litres of sulphur dioxide at 15^ C, and 
750 m.nL ? 

OS, + 30, = 00, + 2S0,. 

63. 100 grams of mercury are heated with hydrogen 
sulphate, what volume of sulphur dioxide at 30^ C. and 800 
m.m. is given off? 

Hg + 2H,S0, = HgSO, + 2H,0 + SO,. 

64. 10 litres of hydrogen sulphide at 15^ C. are passed 
into antimony trichloride, how much antimony trisulphide 
precipitates ? 

3H,S + 2SbCl3 = 6HC1, + Sb,S3. 

65. To make 1000 kilos, of hydrogen sulphate, how 
much pyrites, what volume of air at 15^ C, and what volume 
of steam at 300'' C. is required 1 

2FeS, + 4H,0 + 150 = Fe,03 + 4H,S0,. 
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CHAPTER XVI. 

Boron. B = 11. 

1. Find the formulse of substances containing (a) boron 
31 '19 per cent., and oxygen 68*81 per cent., (fi) silicon 
46 '6 per cent, and oxygen 53*S per cent. 

2. Find the percentage composition of borax (Na^B^Oy 
10H,O). 

3. Boron trichloride is 4*07 times as heavy as air, what 
is its molecular weight ? 

4. What volume of boron trichloride at 210® C. can be 
made from 390 grams of boron trioxide ) 

BO, + 6C1 + 30 = 3C0 + 2BCL. 

SB 8 

5. What volume of nitrogen at 16®C. is required to 
convert 4*4 grams of boron into boron nitride ? 

B + N = BN. 

6. 7 grams of boron nitride are heated in a current of 
steam, what volume of ammonia at 13® C. is given off) 

2BN + 3H,0 = B,0, + 2NH3. 

7. 10 grams of boron sulphide are heated in steam, 
what volume of hydrogen sulphide at 21® 0. is formed? 

B.S,+ 3H,0 = B,03 + 3H,S. 
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8. Crystallized hydrogen borate when heated to 100® C. 
loses 21*8 per cent, of water, and when heated to 160° C. 
loses 14 '5 per cent, in addition. Find the formulae of the 
bodies formed. 

{BfiX (H.O)^ = {BfiX (H,0)3.., + (H,0),. 

9. Find the percentage composition of boron and nitryl 
chloride (BNOCIJ. 



10. 90 grams of fluorspar are heated with boron tri- 
oxide and hydrogen sulphate, what volume of boron tri- 
fluoride at 15° 0. is formed 1 

30aF. + B.0„ + 3H SO. = 3CaS0. + 3H.0 + 2BF„. 



2 3 



11. How much does a litre of boron fluoride (BFJ 
measured at 50° C, and 1000 m.m. weigh ? 

12. A substance contains nitrogen 14*68 per cent., hy- 
drogen 3*15 per cent., boron 7*69 per cent, and chlorine 
74*47 per cent., find its formula, 

13. What volume of ammonia gas at 10°C. is required 
to convert 10 grams of boron into the nitride 1 

2B + 2NH3 - 3H, + 2BN. 
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CHAPTER XVII. 
Silicon. Si = 28. 

1. How much silicon can be obtained from 119 grams 
of potassium silioofluoride ? 

K.SiF, + 4K = 6KF + Sl 

2. Mnd the percentage composition of barium silico- 
fluoride BaSiF^. 

3. Two litres of the vapour of silicon chloride at 117^0. 
arc passed over heated sodium, how much silicon is formed ? 

SiCl, + 4Na=4Na01 + SL 

4. Find the percentage composition of WiHemite 
Zn,SiO,. 

5. Ten gramg of silica are heated with fluor-spar and 
hydrogen sulphate, what volume of silicon fluoride at 13^0. 
is formed f 

SiO, + 2CaF, + 2H,S0, = 2CaS0, + 2H,0 + SiF,. 

6. What does a litre of hydrogen silicide (SiHJ at 
13" 0. weigh ? 

7. What volume of chlorine at 26° 0. is required to 
make 100 grams of silicon tetrachloride ? 

SiO, + 20 + 401 = 200 + SiOl,. 
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8. 710 grams of chlorine are passed over a heated 
mixture of carbon and silicon dioxide. What volume of 
carbon monoxide and mass of silicon tetrachloride is formed ) 

4(31 + SiO, + 20 = 200 + SiOl,. 

9. 20 grams of silica are heated in the vapour of carbon 
disulphide, how much silicon sulphide and what volume of 
carbon dioxide at 13° 0. is formed ] 

Si0, + 0S,= 00,+ SiS,. 

10. Find the mass of 1*5 litres of the vapour of silicon 
bromide (SiBrJ measured at 350° 0. and 400 m.m. 

11. What is the percentage composition of steatite 
Mg,Sip.. . H.0 i 

12. Find the formula of a substance which contains 
silicon 26 '27 per cent., calcium 18*43 per cent., magnesium 
11*06 per cent., oxygen 44*24 per cent 



13. Find the mass in gi*ams of a sphere of rock-crystal 
(A 2*65), 1 decimetre in diameter. 

14. Wollastonite contains silica 51*31 per cent., alu» 
mina 1*37 per cent., lime 45*66 per cent., and magnesia 
0*73 per cent. Find its formula. 

15. AUophane contains silica 23*53 per cent., alumina 
37*73 per cent, lime 1*92 per cent, and water 36*86 per 
cent Find its formula. 

16. Find the volume of 208 grams of silicon fluoride 
(SiFJ measured at 60° 0. 

17. How much silica is formed on burning 2 litres of 
hydrogen silicide measured at 30° 0. 1 

SiH^ + 40 = SiO, + 2H,0. 
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18. Find the formula of skolezite .which contains silica 
46-2 per cent., alumina 26*28 per cent., lime 9*22 per cent., 
sodium oxide 5*16 per cent., and water (low) 13'25 per 
cent. 

19. Sahlite contains silica 54*02 per cent., lime 24*88 
per cent., ferrous oxide 8*07 per cent., and magnesia 13*52 
per cent. Find its formula. 

20. What does one litre of silicon chloroform (SiHCl,) 
at 1 80° C. weigh? 

21. Silicon chloride vapour is 5*939 times as heavy as 
air, and silicon fluoride vapour is 3*6 times as heavy as air. 
Find in each case the double density referred to hydrogen. 

22. What volume of chlorine at 10® C. must be used to 
make 100 grams of silicon tetrachloride? 

SiO, + 2C + 4C1 = 2C0 + SiOl,. 

23. How much dbes one litre of silicon tetrachloride 
(SiClJ measured at 200** C. weigh 1 

24. Find the formula of a substance which contains 
magnesium 22*02 per cent., silicon 25*69 per cent, oxygen 
44*04 per cent., and water 8*25 per cent. ? 

25. Berzelius found topaz to contain alumina 58*38 per 
cent., silica 34*01 per cent., and fluorine 7*6 per cent. Find 
its formula. 

26. Berzelius found Thomsonite to contain sodium oxide 
4*53 per cent., lime 13*54 per cent., alumina 30*7 per cent., 
silica 38*3 per cent., and water 13 per cent. Find its for- 
mula. 

27. Bonsdorfi* found lolite to contain magnesia 10*45 
per cent., ferrous oxide 5 per cent., alumina 32*88 per cent, 
silica 49*95 per cent, water and loss 1*75 per cent- Find 
its formula. 
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28. A specimen of orthoclase was found to contain silica 
65*37 per cent., alumina 18*74: per cent., ferric oxide 0*13 per 
cent., lime 0*27 per cent., potassium oxide 12*98 per cent., 
and sodium oxide 2*48 per cent. Find the formula. 

29. According to Schiel 0*6738 gram of silicon tetra- 
chloride, when decomposed by ammonia, give 2*277 grams of 
silver chloride. Find the atomic weight of silicon. 

SiCI, + 2B.fi + 4NH3 + 4AgNO,=4Ag01 + SiO,+4NH^N03. 

30. Find the percentage composition of triethyl silico- 
formate HSiO. (C^HJ,. 



L. a A« 11 
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CHAPTER XVIII. 
Phosphorus. P = 31. 

1. How much phosphorus is there in 9*3 kilograms of 
calcium phosphate (Ca32PO^)1 

2. How much phosphorus is there in 700 grams of 
bone-ash (Ca32POJ ] 

3. How much phosphorus is contained in 120 kilograms 
of bone-ash containing 85 per cent, of calcium phosphate 
(Ca32POJ? 

4. The skeleton of a man weighs 24 lbs. and contains 
58 per cent, of calcium phosphate (Ca32P04). Find the 
quantity of phosphorus present. 

5. Find the mass of a round stick of phosphorus (A 1 *83) 
1 decimetre long and 2 centimetres across. 

6. 100 litres of yellow (A 1*83) are converted into red 
(A 2*14) phosphorus, what is the volume of the latter variety 1 

7. One gram of phosphorus when burnt gives 2*29 gramd 
of phosphorus pentoxide. Find the atomic weight of phos- 
phorus. 

P. + 0. = P.O.. 

8. Oalculate the mass of 1 '234 Ktres of phosphorus (PJ 
vapour. 
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9. How much phosphorus can be obtained from 169 
tons of bones containing 53*7 per cent of calcium phosphate 
(Oa,2POJ1 

10. Phosphorus vapour is 4*42 times as heavy as air, 
find its molecular weight 

11. If one gram of phosphorus was found to form 2 "903 
grams of phosphorus pentoxide, what would the atomic 
weight of phosphorus be 1 

P. + 0.=P.O,. 

12. How much phosphorus must be burnt to form 46 
grams of phosphorus trioxidel 

P. + 0. = P.O^ 

13. How much phosphorus must be burnt to form 46*86 
grams of phosphorus pentoxide? 

p.+o.=p.o.. 

14. What volume of air is required to burn 248 grams 

of phosphorus? 

P. + 0.=P.O.. 

15. How much bone-ash containing 87 per cent, of cal- 
cium phosphate is required to make 200 kilograms of super- 
phosphate of lime? 

Ca,2P0, + 2H SO, = 2CaS0, + CaH,2P0. 

a 4 a * 4 4 4 

16. How many kilograms of bone-ash containing 85 per 
-cent of calcium phosphate are required to make two tons of 
superphosphate of lime? 

Oa32PO, + 2H,S0, = 2CaS0^ + CaH,2P0,. 

17. How much water must be added to 187 grams of 
phosphorus pentoxide to convert it into hydrogen (a) ortho- 
phosphate, (j3) pyrophosphate, and (y) metaphosphate? 

P,0. + 3H,0 = 2H3PO,. 
P.O. + 2H,0=H,P.O^ 
P.0.+ H,0 = 2HP0,. 

11—2 
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18. 193 grams of (a) dry (Ka,HPOj, and ()8) crystal- 
lized (Na,H!F0^12H,0) sodium phosphate are heated; how- 
much sodium pyrophosphate is formed ? 

2Na.HP0, = Kfi + Ka^P.O^ 
2Na,HPO,12H,0 = 25H,0 + Na.P.O^ 

19. How much hydrogen orthophosphate is obtained on 
heating 1796 grams of phosphorus with hydrogen nitrate? 

P. + 50 + 3H,0 = 2H3PO,. 

20. Calculate the formula of a substance containing 
calcium 38*72 per cent., phosphorus 20 per eent, and oxy- 
gen 41*28 per cent 

21. Calculate the percentage composition of the three 
silver phosphates (a) Ag3P0,, (/S) Ag,P,0„ (y) AgPO^ 

22. Find the percentage composition of magnesium 
pyrophosphate (Mg^P^Oy). 

23. Find the percentage composition of crystallized 
sodium and hydrogen phosphate (NagHPO^. 12H,0). 

24. Find the percentage composition of microcosmic 
salt (Na (NH J HPO, . 4H,0). 

25. 79 grams of hydrogen phosphite are heated, what 
volume of phosphine is evolved 1 

4H3PO, = 3H3PO, + H,P. 

26. How much sodium hypophosphite can be obtained 
by boiling 20 grams of phosphorus with sodium hydrate, and 
what volume of phosphine is given off? 

P, + 3HNaO + 3H,0 - 3NaPH30, + PH.. 

27. How many grams do 10 litres of phosphine (PH,) 
weigh ? 

28. How much phosphorus is contained in 10 litres of 
phosphine (PH3) measured at 12^ 0. ? 
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29* Hydrogen phosphide contains phosphorus 98*41 per 
cent., and hydrogen 1*59 per cent. Find its simplest 
formula. 

30« 7*26 grams of phosphonium iodide, when heated 
with potassium hydrate, give one litre of phosphine. Find 
the atomic weight of phosphorus. 

PH3HI + HKO = KI + H,0 + PH3. 

31. The vapour of phosphorus oxychloride is 5*3 times 
as heavy as air, find its molecular weight. 

32. What volume of oxygen is required to bum 179 a c. 
of phosphine ? 

2PH3 + 80 = P,03 4.3H,0. 

33. Hydrogen phosphide is 1*184 times as heavy as air, 
find its molecular weight 

34. The vapour of phosphorus trichloride is 4*742 times 
as heavy as air, find its molecular weight. 

35. What volume of chlorine is required to convert 100 
grams of phosphorus into the pentachloride ? 

501 + P = POl,. 

36. 10 c.c. of phosphorus (A 1*77) are dissolved in solu- 
tion of barium hydrate, what volume of hydrogen phosphide 
at 21^ 0. and 531 m.m. is given off? 

3BaH,03 + 2P, + 6H,0 = 3Ba (H.PO,), + 2H,P. 

37. How much do 10 litres of the vapour of phosphorus 
oxychloride (POOI3) at 300° 0. weigh 1 

38. 10 litres of hydrogen difiuse through a certain ap- 
paratus in a certain time, what volume of phosphine (PH3) 
will diffuse under similar conditions ? 

39. 1640 C.C. of phosphine at 15^0. and 297 m.m. 
occupy what volume at W 0. and 302 m.m. ? 



166 PHOSPHORUS. 

40. How mucb crystallized hydrogen oxalate must be 
warmed with 1000 grams of phosphorus pentachloride to 
convert it into oxychloride ] 

3PCL + an A2H.0 = 3P0CL + 6HC1 + CO + CO.. 



8^4 



41. A substance contains phosphorus 24*61 per cent, 
oxygen 19*05 per cent., and chlorine 56*37 per cent. Find 
its formula. 



42. To form 100 grams of hydrogen phosphite, what 
volume of chlorine at 10® C. must be passed into phosphorus 
melted under water ? 

3C1 + P + 3H^0 = 3HC1 + H3PO3. 

43. 1 00 grams of lead phosphate are suspended in water, 
what volume of hydrogen sulphide at 14° C. is required to 
decompose themi 

Pb32PO^ + 3H,S = 3PbS + 2H3PO,. 

44. What volume of hydrogen sulphide at 30® C. is re- 
quired to precipitate the lead from 100 grams of lead pyro- 
phosphate ? 

Pb,P.O, + 2H,S = 2PbS + H,P,0^ 

45. 9 grams of phosphorus pentoxide absorbed 2*76 
grams of water from the air, find a formula for the body 
formed ? 

46.. What volume of chlorine at 15® C. must be passed 
into 100 grams of phosphorus melted under water to convert 
them into hydrogen phosphite ? 

3C1 + P + 3H3O = 3HC1 + H3PO3. 

47. In making 200 grams of hydrogen phosphite, what 
volume of hydrogen chloride at 10® C. is evolved 1 

3C1 + P + 3H3O = 3HC1 + H3PO,. 
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48. What is the mass of a ball of phosphorus (A 1'83) 
a decimetre in diameter ? 

49. Find the percentage composition of sodium a-phos- 
phate (Na,P,0,3). 

50. Lazulite has the composition phosphorus pentoxide 
43*76 per cent, alumina 31*7 per cent., magnesia 10*04 per 
cent., ferrous oxide 8*17 per cent,, and water 5*59 per cent. 
Find its formula. 

51. To form a kilogram of phosphorus pentachloride, 
what volume of chlorine at 20° 0. must be passed into a 
solution of phosphorus in carbon disulphide ) 

P + 01. = PC1.. 

52. How much phosphorus is contained in 4*3 litres of 
phosphine (PHJ measured at 22° C. and 730 m.m. 1 

.53. 7*26 grams of phosphonium iodide, when heated 
with potassium hydrate, give how many litres of phosphine 
at 30° 0. 1 

PHj4.HK0 = KI + H,0 + PH3. 

54. What volume of chlorine at 30° 0. must be passed 
into a solution of phosphorus in carbon disulphide to make 
476 grams of phosphorus pentachloride ? 

5C1 + P = POl,. 

55. 5 grams of phosphorus are boiled with baryta water, 
what volume of phosphine at 15° C. is given offi 

2P, + 3BaH,0, + 6H,0 = 3Ba (H,PO,), + 2PH3. 

56. 20 grams of phosphorus pentabromide are boiled 
with water, what volume of hydrogen bromide at 210° is 
given off? 

PBr, + 4H,0 = H,PO, + 5HBr. 
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57. What volume of gaseous chlorine is condensed in 
100 grams of (a) boron trichloride BCl,, (fi) silicon tetra^ 
chloride SiCl^, (y) phosphorus pentachloride POl^ ? 

58. What volume of hydrogen sulphide at 30° C. will 
react with 100 grams of phosphorus pentachloride ? 

PCI. + H,S = 2HC1 + PSCl^ 

59. What volume of chlorine at 2V 0. must be passed 
into 100 grams of phosphorus trichloride to convert them 
into the pentachloride 1 

PCI, + 201= PCI,. 

60. What volume of vapour at 300* C. and 740 m.m. is 
formed by 13 grams of phosphorus trichloride (PCI,) ) 

61. 100 grams of phosphorus (calorific power 5747) are 
burnt in oxygen, to what temperature could a kilogram of 
iron (specific heat 0*1138) be raised from 0° C. f 

62. A kilogram of phosphorus in burning evolves 5747 
units of heat. To what temperature could 100 kilograms of 
iron (specific heat 0*112) be raised from 0**C. by burning 
2 kilograms of phosphorus 1 
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CHAPTER XIX. 
Aksenic. Ab = 75. 

1. How many grains do two litres of arsenic (As J 
vapour at 327® C. weigh 1 

2. How much arsenic trioxide is formed by burning 
3*567 grams of arsenic in oxygen ? 

As, + 03 = As,03. 

3. Find the percentage composition of Proustite (Agj 
AsS.). 

4. 878c.c. of air at 166® C. and 813 m.m. occupy what 
volume at -41® 0. and 696 m.m.1 

5. 100 grams of arsenic trioxide are heated with sul- 
phur, what volume of sulphur dioxide and mass of orpiment 
are formed 1 

2As,03 + 9S = 2AS3S, + 3SO3. 

6. In a case of poisoning 11*73 grains of arsenic trisul- 
phide were found, to how much arsenic trioxide does this 
correspond ? 

As^S. + 90 = AS3O3 + 380,. 

7. 50 grams of arsenic trioxide are heated with sulphur, 
what volume of sulphur dioxide at 39® C. is formed 9 

2 As,03 + 9S = 2AS3S3 + 3SO3. 
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8. Find the mass of 56 cc. of the vapour of arsenic 
trichloride (AsClg) measured at 271*5® C. 

9. A room 15 feet long and 10 feet wide and high is 
covered with a paper containing 0*78 grains of Scheele's 
green (CuHAsOg) per square foot. How much arsenic is 
there in the room 1 

. 10. The vapour of arsenic trioxide is 13*85 times as 
heavy as air, find its double-density referred to hydrogen. 

11. 4 litres of hydrogen sulphide at 13** C. are passed 
into a solution of arsenic trioxide, how much arsenic trisul- 
phide precipitates ? 

3H,S + A8,03 = 3H,0 + AS.S3. 

12. How much zinc is required to make a litre of hy- 
drogen iursenide? 

6Zn + 6H,S0, + As,Oa = 6ZnS0, + 3H,0 + 2H3AS. 

13. Find the percentage composition of Scheele's green 
(OuHAsO,). 

14. What does one litre of hydrogen arsenide (H^As) 
weigh ? 

15. What volume of hydrogen arsenide at 15® C. can be 
formed from one gram of arsenic trioxide ) 

AS3O, + 6H, = 3H3O + 2H,As. 



16. 4*95 grams of arsenic trioxide are heated with hy- 
drogen nitrate, what volume of nitrogen trioxide at 50® 0. 
and 800 m.m. is given off? 

AS3O, + 2HN0, + 2H,0 = 2H,AsO, + N.O.. 

17. What volume is occupied by 4 grams of cacodyl 
As, (OK^ vapour at 210® C. and 780 m.m. ? 
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18. Find the percentage composition of Schweinfurt 
green (Cu2Cj^H30, . 3CuAs,0,). 

19. What volume of hydrogen sulphide at 20® C. is re- 
quired to precipitate the arsenic from 100 grams of arsenic 
trioxide ) 

As.O. + 3H,S = 3H,0 + As,S3. 

20. How much zinc is dissolved in forming 1 '37 litres 
of hydrogen arsenide at 40° 0. and 600 m.m. 1 

6Zn + As^O, + 6H.S0, = 6ZnS0, + 3H,0 + 2H3AS. 

21. Find the percentage composition of (a) realgar 
ASjSj, (13) orpiment As^Sg, (y) arsenic pentasulphide As^S^. 

22. The specific heat of arsenic is 0*0814, and 96-15 
parts of arsenic combine with 3*85 parts of hydrogen. Find 
the atomic weight of the element. 
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CHAPTER XX. 

Al^TIMONT. Sb = 120. 

Bismuth. Bi = 208. 

1. How much antimony is there in 1020 kilograms of 
the trisulphide (Sb.S.) 1 

2. A sheet of antimony (A 6*7) is 20 cm. long, 10 cm. 
wide, and 1 m.m. thick; find its mass. 

3. What volume is occupied by 100 grams of (a) arsenic 
A 5-8, (fi) antimony A 6-8, and (y) bismuth A 9*9 ? 

4. Type metal is an alloy of 80 parts of lead (A 11*3) 
and 20 parts of antimony (A 6*7). Find the density of the 
alloy, supposing that no change of volume takes place after 
the fusion. 

5. How much common salt is required to give chlorine 
enough to convert 100 grams of antimony into the trichlo- 
ride f 

6NaCl + 3MnO, + 6H,S0, 

= 3MnS0, + 3Na,S0, + 6H,0 + 601, 
2Sb + 601=2SbCl3. 

6. 33*6 grams of antimony trisulphide are dissolved in 
hydrogen chloride. What volume of hydrogen sulphide 
under a pressure of 567 mum. is evolved f 

Sb,S, + 6HC1 = 2Sb01, + 3H,S. 
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7. A piece of antimony was converted into the tribro- 
mide by absorbing 187 cc, of bromine vapour. What was 
the mass of the antimony ? 

Sb + 3Br = SbBr^ 

8. - According to Cooke 100 grams of antimony tribro- 
mide (SbBrj) contain antimony 33-3335 per cent, and bro- 
mine 66*6665 per cent. If Br= 80, find the atomic weight 
of antimony. 

9. What volume of hydrogen sulphide is evolved on 
dissolving 10 grams of antimony sulphide in hydrogen chlo- 
ride 1 

Sb,S3 + 6HC1 = 2SbCl3 + 3H,S. 

10. How many grams do 20 litres of hydrogen anti- 
monide (HgSb) measured at 15° C. weigh 1 

11. Bismuth melts at 264° 0., what temperature is this 
on the Fahrenheit and on the Blaumur scale 1 

12. Find the percentage composition of the four oxides 
of bismuth, (a) Bi.O„ ()8) Bi.O., (y)Bi,0„ (8) Bi.O,. 

13. What volume of oxygen at 30° C. is given off on 
heating 100 grams of bismuth pentoxide 1 

Bi,0. = Bi.O. + 0. 

14. Arcet's alloy consists of 5 parts of lead (A 11*45), 

3 parts of tin (A 7*3) and 8 parts of bismuth (A 9-9). Find 
the density of the alloy supposing that its volume is equal 
to the sum of the volumes of its constituents. 

15. Wood's alloy consists of 2 parts of lead (A 11*45), 

4 parts of tin (A 7*3), 2 parts of cadmium (A 8*7), and 
8 parts of bismuth (A 9*9). Find the density of the alloy 
supposing that the fusion produces no permanent change of 
volume. 
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16. One gram of hydrogen is contained in ho"w many 
grams of hydrogen (a) silicide H^Si, (j8) phosphide H^P, 
(y) arsenide HgAs, (8) antimonide HgSb ? 

17. What volume of chlorine is required to convert 
100 grams of antimony into the pentachloride ] 

Sb + 501 = SbCl,. 



18. What volume is occupied by 10 grams of trimethyl- 
stibene Sb (0H5)3 at 300^ 0. ? 

19. A cubic decimetre of antimony sulphide (A 4*62) is 
dissolved in hydrogen chloride, what volume of hydrogen 
sulphide at 30*^0. and 800 m.m. is given off? 

Sb.Sg + 6H01 = 2SbCl3 + 3H,S. 

20. How much antimony is there in 15 litres of hydro- 
gen antimonide (HgSb) measured at 100° 0.? 

21. 10 litres of hydrogen sulphide at 15^0. are passed 
into a solution of antimony trichloride, how much antimony 
trisulphide precipitates ? 

3H,S + 2SbOl3= 6HC1 + Sb^S,. 

22. What volume of chlorine at 12^0. is required to 
convert 4*68 grams of" bismuth trioxide into the pentoxide? 

Bi^Og + 2H,0 + 401 = 4H01 + Bi^O^. 

23. Find the percentage composition of bismuth nitrate 
(Bi3N03.5H,0). 

24. Find the percentage composition of tartar emetic 
20,H,K (SbO) O, . H,0. 

25. Schneider found 100 grams of bismuth trioxide to 
contain 89*655 grams of bismuth. Oalculate the atomic 
weight of the element. 
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CHAPTER XXI. 
The General Properties op the Metals and Alloys. 

1. Find the volume of 100 grams of (a) gold A 19*3, 
(fi) lead A 11-4, (y) sodium A 0-974. 

2. Find the volume of 100 grams of (a) platinum A 21 '5, 
(yS) silver A 10*5, (y) magnesium A 1*74. 

3. What length of wire 2 m.m. in diameter can be 
drawn from a cubic decimetre of metal ] 

4. Gold leaf can be obtained ^q^qq^ ^^ ^^ ^^^ thick, 
what decimal of a m.m. is equal to this fraction of an inch ? 

6. Find the mass in kilograms of an iron (A 7 "7) beam 
12 feet long, 6 inches broad, and 9 inches deep. 

6. A kilogram of copper (A 8-9), a kilogram of silver 
(A 10 '6), and a kilogram of mercury (A 13-5) are placed in 
a vessel full of water. What volume of water overflows 1 

7. Find the value of 1000 square centimetres of gold 
(A 19 '3) leaf, '0001 cm. thick at 28. 9d. a gram. 

8. Gold (A 19*3) leaf can be obtained X7yj(nr ni.m. thick, 
what would be the length of the side of a square of such leaf 
containiug one grain of gold 1 

9. Platinum (A 21*5) wire can be made x^nnnr™*™* ^^ 
diameter, how many grams would such a wire 21600 geo- 
graphical miles in length weigh 1 
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10. A steel wire 1 m.m. square will just carry 70 kilo- 
grams; how manj tons will a rod of such steel one foot 
square sustain 1 

11. An iron wire 1 m.m. square will resist a pull of 
70 kilograms, how many tons will a rod one inch square 
carry? 

12. Find the mass of an iron (A 7*8) telegraph wire 
2 m.m. in diameter and 16 kilometres long. 

13. How many metres of wire ^ m.m. in diameter can 
be made from one ounce Troy of platinum (A 21*6) 1 And 
at 40& per ounce what is the price of the wire per foot ? 

14. A lead wire 1 m.m. square will just carry two kilo- 
grams. What is the length of an iron (A 7*25) weight 
20 cm. square, which a leaden rod 1 cm. square will just 
carry? 

15. How many grams does a sheet of iron (A 7*8) 1 m. 
square and ^^nr ^•™* thick weigh ? 

16. Find the mass of a platinum (A 21*5) wire id.m. 
long, and 0*25 m.m. in radius. 

17. 112 kilograms of an alloy (A 8*784) of copper (A 9). 
and tin (A 7*32) consist of how many kilograms of copper 
and how many of tin 1 

18. A meteorite (A 7*5) contains 3 times its volume of 
hydrogen, how many times is the meteorite heavier than the 
hydrogen ? 

19. A cast iron (A 7*25) cube, each edge of which is 
1 d.m. in length, floats upon mercury (A 13-696) with one 
face horizontal. How far is the cube immersed in the 
mercury ? 
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20. An iron wire 2 m.m. in diameter will carry 250 
kilos., a nickel wire of the same size will carry 375 kilos., 
and a similar wire of cobalt will carry 479 kilos. Find the 
diameter of a wire of each metal which will carry 1000 kilo- 
grams. 

21. A glass tube 20 cm. in length contains 121 grams 
of mercury (A 13*51), find its radius. 

22. A spherical glass bulb is found to hold 509 '52 grams 
of mercury (A 13*51), find its internal radius. 

23. When weighing with brass (A 8*4) weights in air, 
what weight is apparently lost by the weights per gram ? 

24. Fiad the mass in tons of a square mile of coal 
(A 1 -4) 30 feet thick. 

25. How many tons of material (A 3) are raised from a 
coal-shaft 4 yards in diameter and 900 yards deep ? 

26. Gun-metal is composed of 10 parts of tin (A 7*3) 
and 90 parts of copper (A 8*9). Find the density of the 
alloy, supposing that its volume is equal to those of the two 
metals. 

27. Britannia metal consists of 9 parts of tin (A 7*3) 
and 1 part of antimony (A 6*8). If the volume remains un- 
changed after the fusion, find the density of the alloy. 

28. An alloy of equal parts of platinum (A 21*5) and 
copper (A 9) is found to have the same colour and density 
.(A 19*5) as gold. In alloying 100 volumes of the two metals, 
what contraction takes place 1 
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CHAPTER XXII. 
Potassium. K = 39 -1 . 

1. Find the mass of a ball of potassium (A 0*86) 2 cm. 
in diameter. 

2. With what volume of oxygen do 10 grams of po- 
tassium combine to form the oxides (a) K^O, (J3) K^O^, 
(y) K.0„ (8) K.0, 1 

3. Find the percentage composition of potassium, (a) 
hydrate HKO, (/J) nitrate KNO3, (y) chlorate KOlO,. 

4. What volume of carbon monoxide at 455® C. is given 
off during the separation of 100 grams of potassium 1 

K,CO3+2C=30O+2K. 

5. How many spherical pellets of potassium (A 0*86) 
each half an inch in diameter are there in an ounce avoirdu- 
pois of the metal ? 

6. A globule of potassium (A 0*86) 1 cm. in diameter 
is thrown in small fragments into water, what volume of 
hydrogen at 15® 0. is given off? 

K + H,0 = HKO + H. 

7. To make a kilogram of potassium hydrate how much 
(a) potassium carbonate and (P) calcium hydrate is required ) 

K,C03 + H^CaO^ = CaCO, + 2HK0. 
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8. Find the mass of a stick of potassium hydrate (A 2*2) 
1 cm. across and 10 cm. long. 

9. How much potassium nitrate can be obtained from 
1000 kilograms of potassium carbonate 1 

K^COg + 2HNO3 = 2KNO3 + H,0 + CO,. 

10. 10 grams of potassium bicarbonate are heated, what 
volume of carbon dioxide at 30*^ 0. is given off] 

2HKCO3 = K,C03 + H,0 + CO,. 

11. If 260 grams of potassium chlorate are heated, 
what volume of oxygen at 94-8°C. and 960 m.m. is evolved? 

KCIO3 = KCl + 30. 

12. 4 grams of potassium and hydrogen carbonate are 
dissolved in hydrogen chloride, what volume of carbon diox- 
ide at 52° C. is given off? 

KHCO, + HCl = KCl + H,0 + CO,. 

O MM 

13. A substance contains potassium 28 '25 per cent., 
chlorine 25*64 per cent., and oxygen 46*11 per cent. Find 
its formula. 

14. 100 grams of nitre are heated, what volume of 
oxygen at 39® C. is evolved 1 

K]Sr03=KN0, + 0. 

15. Find the mass of a potassium (A 0*86) wire 2 m.m. 
in diameter and 1 decim. long. 

16. Potassium (A 0*86) absorbs 126 times its volume of 
hydrogen, find a formula for the body formed. 

17. 20 grams of potassium nitrate are heated with 
potassium dichromate; what mass of gas is evolved, and 
what is the volume of each gas at 20** C. ? 

2KNO3 + K,Cr,0, = 2K,CrO, + 2N0, + O. 

18. Find the percentage composition of potassium silico- 



fluoride K,SiF^. 
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19. A gasogen holding 4 litres is charged by decompos- 
ing 4 ounces of hydrogen and potassium carbonate with tar- 
taric add, but the water is forgotten. If the temperature 
of the room be 10° 0. what is the pressure of the gas in 
atmospheres 1 

2HKCO3 + H,T = 2H,0 + K,T + 200,. 

20. Supposing that the decomposition of powder is ex- 
pressed by the equation 

S. + 60 + 2KNO3 = 600, + 2N, + 2K,S, 

(a) What volume of gas at 0** 0. is formed by 100 grams 
of powder, and (j8) what volume would the gas occupy alt 
1000" 0.? 

21. 10 gleams of potassium fluoride are heated with 
hydrogen sulphate, what volume of hydrogen fluoride at 
90* 0. is given off? 

2KF + H,SO, = K,S0, + 2HF. 



22. What volume of oxygen at 15° 0. is required to 
convert 10 grams of potassium into the tetroxidel 

K. + 0, = K.O,. 

23. 5 grams of potassium tetroxide are thrown into 
water and the solution is boiled, what volume of oxygen at 
100° 0. is given offi 

K.O, + H,0 = 2HK0 + 30. 

24. What volume of hydrogen sulphide at 15° 0. and 
780 m.m. must be passed into a solution of 100 grams of 
potassium bromate to reduce it to bromide 1 

2KBr03 + 6H3S = 2KBr + 6H3O + 6S. 

25. Find the percentage composition of feldspar K,AL 
Si.0... 



181 



CHAPTER XXIII. 

Sodium. Na = 23. 

1. Find the percentage composition of (a) dry (NajOO,) 
and (fi) crystallized (NajOOglOH^O) sodium carbonate. 

2. A stick of sodium (A 0*97) is 1 cm. square and 
1 decim. long. Find its mass. 

3. What volume of oxygen at 200° 0. is required to 
convert 100 grams of sodium into the dioxide ? 

Na,+ 0, = N'a,0,. 

4. How much sodium can be obtained from 20 kilograms 
of sodium carbonate, and what volume of carbon monoxide 
is formed in the process 1 

Na^OO, + 20 = 300 + 2Na. 

5. How much sodium can be obtained from one kilo* 
gram of sodium carbonate? 

Na,0O3 + 20 = 30O + 2Na. 

6. Find the percentage composition of common salt 
(NaOl). 

7. The specific heat of sodium is *2934, and 39 *32 grams 
of sodium unite with 136*765 grams of bromine. Find the 
atomic weight of sodium. 

Na + Br = NaBr. 
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8. How much slaked lime and sodium carbonate must 
be used to make a kilogram of sodium hydrate ? 

Na.CO. + H.CaO, = OaCO. + 2HNaO. 

9. How many pounds of common salt are required to 
yield 500 lbs. of salt-cake 1 

2NaCl + H,SO, = 2HC1 + Na,SO,. 

10. How much dry sodium carbonate can be made firom 
500 kilograms of common salt ? 

2NaCl + H,SO, = 2HC1 + Na^SO,. 

Na^SO, + CaCO. + 40 = 400 + OaS + Na.OO.. 

11. If 100 grams of common salt are decomposed by 
hydrogen sulphate, how much sodium sulphate, and what 
volume of hydrogen chloride is formed 1 

2Na01 + H,SO, =Na,SO^ + 2H01. 

12. A sample of soda-ash is found to contain 56 per 
cent, of sodium oxide, how much sodium carbonate per 
cent, is there in the ash ? 

Na,0 + 00, = Na^OO,. 

1 3. Find the percentage of sodium sulphate and of water 
in Glauber's salts (Na,SO^ . lOH^O). 

14. If 10 grams of sodium sulphite are dissolved in 
acid, what volume of sulphur dioxide at 12° 0. is given offf 

Na,S03 -f 2H01 = 2Na01 + H,0 -i- SO,. 

15. If 100 grams of sodium sulphate are heated mth 
charcoal, how much sodium sulphide and what volume of 
carbon monoxide at 15° 0. is formed 1 

Na,SO, + 40 = Na,S + 400. 

16. 1000 kilograms of common salt are converted into 
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salt cake, how much sodium sulphate and what volume of 
hydrogen chloride gas is formed ? 

2NaCl 4- H,SO, = Na,SO, + 2Ha. 

17. . How many kilos, of soda crystals containing 3 per 
cent, of impurity, and how many kilos, of hydrochloric acid 
(A 1*21) containing 480 times its volume of the gas can be 
formed from the materials in the last question 1 

Na^SO, + 4C + CaC03 = OaS + 400 + Na.OO,, 

]Sra,C03 + lOH.O =Na,C03 . lOH.O. 

18. 10 grams of sodium and hydrogen sulphite are. 
heated ; what volume of sulphur dioxide is given off 1 

2NaHS03 = Na^SOg + H,0 + SO,. 



19. A cubical crystal of rock-salt (A 2 '16) weighs 43*2 
grams ; find the length of its edge. 

20. Sodium hydride (A 0*959) contains 46 parts of 
sodium (A '97) and 1 part of hydrogen, find the apparent 
density of the solid hydrogen. 

21. In trade analyses the atomic weight of sodium is 
often taken as 24 instead of 23 ; find the error per cent, 
thus introduced if the result be calculated (a) as sodium, 
(fi) as sodium carbonate. 

22. 1*221 grams of a mixture of potassium and sodium 
carbonates gave 1*231 grams of the mixed chlorides, from 
which 2*87 grams of silver chloride were formed. Find the 
percentage composition of the mixture. 

[Na,KJC03 + 2HC1 = 2[NaK]01 + H^O + CO., 

[NaK]Cl + Ag]Sr03 = AgCl + [NaKJNOg. 
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23. What Yolame of carbon dioxide at 76*5^0. is 
absorbed in converting 10 kilos, of crystallized sodium 
carbonate into bicarbonate ? 

Na,C03lOH,0 + CO, = 9H,0 + 2HNaOO,. 

24. What volume of carbon dioxide can be obtained 
from 3*72 grams of 'bicarbonate of soda' (a) bj heating, 
()S) by the action of an acid ? 

2HNaC0, = Na.CO. + H.O + CO^ 

HNaCO, + HCl = NaCl + H,0 + CO.. 
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CHAPTER XXIV. 



Ammoniuv. NH^ =18. 



1. A SUBSTANCE contains nitrogen 26*17 per cent., 
hydrogen 7*48 per cent., and chlorine 66 '35 per cent; find 
its formula. 

2. What is the mass of 4763 c.c. of solution of am- 
monia (A 0-855) ? 

3. 20 grams of ammonium sulphate are heated with 
lime ; what yplume of ammonia is given off) 

(JTHJ.SO, + CaO = CaSO, + H,0 + 2NH,. 

4. Water at 0*0. absorbs 1000 times its volume of 
ammonia ; what mass of solution of ammonia (NH,) can be 
formed from a litre of water ? 

5. Find the percentage composition of hydroxjlamine 
NOH,. 

6. 2 grams of hydroxjlamine are heated with solution 
of potassium hydrate, what volume of nitrogen and of 
ammonia at 21° C. is formed f 

3NOH3 = N, + NH3 + 3H,0. 

7. Find the percentage composition of ammonium car- 
bamate (NH3),C0,. 
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8. What volume of nitric oxide at 10® C. must be 
caused to combine with what volume of hydrogen at 20" 0. 
to form 100 grams of hydroxy lamine 1 

NO + 3H = NOH,. 

9. Find the formula of a body containing nitrogen 
27*45 per cent., hydrogen 9*8 per cent., and sulphur 62*75 
per cent. 

10. Find the percentage composition of ammonium and 
hydrogen carbonate (NH^)^Hj3C03. 

11. How much ammonium chloride is there in a litre 
of a solution, 20 c.c. of which, after precipitation with 
platinum tetrachloride and ignition, gave 0*976 gram of 
platinum ? 

2NH,C1 + PtCl, = Pt (NHJ, 01^ 

Pt (NHJ, CI, = Pt + 2NH3 + 2HC1 + 201,. 

12. How many pints of solution of ammonia (A 0*88) 
weigh 4 lbs % 

13. Find the percentage composition of ammonia-alum 
(NHJ,A1.4SO,.24H,0. 

14. 40 grams of microcosmic salt are heated, how much 
sodium metaphosphate, what volume of ammonia at 15" 0., 
and what volume of steam at 300" C. is formed ? 

Na (NH J HPO4 . 4H80 = NaPO, + NH, + 5H,0. 



15. How much ammonium chloride must be heated 
with lime to make 10 litres of ammonia? 

2NH4CI + CaO = CaCl, + H,0 + 2HN,. 

16. A kilogram of ammonium chloride is heated with 
lime, what volume of ammonia at 10" 0. is given off? 

2NH4CI + OaO = CaCla + H^O + 2NH3. 
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17. A kilogram of ammonium nitrate is heated, what 
volume of nitrous oxide at 10° C. is evolved? 

NH^N03 = 211 fi + NaO. 

18. A kilogram of ammonium nitrite is heated, what 
volume of nitrogen at 10° 0. is given off? 

19. What volume is occupied by the vapour of 10 
grams of ammonium chloride (NH^Cl) at 350° C. and 700 
m.m. ? 

20. 10 grams of silver chloride saturated with ammo- 
nia are heated, what volume of ammonia at 50° 0. is given 
off? 

AgCl . 2NH3 = AgOl + 2NH3. 

2i. Water at 15° 0. absorbs 740 times its volume of 
ammonia at the same temperature forming a solution 
(A 0*855); how much water is there in a litre of such a 
solution, and how much ammonium chloride is required to 
make it ? 

2NH,C1 + CaO = CaCl, + H,0 + 2NH3. 

22. According to Stas, 100 grams of silver form 157*484: 
grams of silver nitrate. If Ag = 108, and O = 16, find the 
atomic weight of nitrogen. 

Ag + HNO3 = H + AgN03. 
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CHAPTER XXV. 
Calcium. Ca = 40. 

1. What volume of hydrogen is given off on throwing 
a gram of calcium into water ? 

Ca+2H,0 = CaH,0, + H,. 

2. How many grams of chalk must be heated to form a 
ton of quick-lime ? 

CaCOg = CaO + CO.. 

3. 1000 grams of chalk are heated to redness, how 
much lime is left 1 

CaCO. = CaO + CO,. 

4. 1000 grams of calcium oxide form how much calcium 

hydrate 1 

CaO + H,0 = CaH,0,. 

5. How much calcium is contained in 100 grams of 
(a) marble CaCOg, (j8) gypsum CaSO^ . 2HjO, (y) fluorspar 
OaFj, and (8) calcium superphosphate CaH^2P0^ ? 

6. How many kilograms of calcium hydrate can be 
obtained by heating 2*726 kilos, of calc-spar to redness and 
throwing water on the residue ? 

CaCOg = CaO + CO., 
CaO + H,0 = CaH^O,. 
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7. Find the mass in grams of a cubic mile of chalk 
(A 1-8). 

8. A cubic metre of marble (CaCOg A 2 "7) contains how 
many times its volume of gaseous carbon dioxide condensed 
initi 

9. A litre of water saturated with carbon dioxide dis- 
solves *88 grams of calcium carbonate. How many litres of 
water are required to dissolve 100 tons of calcium carbonate ? 

10. A body contains calcium 39-9 per cent., carbon 
12*1 per cent., and oxygen 48 per cent. Find its formula. 

11. 10 grams of marble are dissolved in hydrogen 
chloride, what volume of carbon dioxide at 30° 0. is given 
offi 

CaCO, + 2HC1 = CaCl, + H,0 + CO,. 

12. 1000 kilograms of limestone are 'burnt', what 
volume of carbon dioxide at 300® 0. is given off 1 

CaOOg = OaO + CO,. 

13. How much calcium sulphate can be formed from 
11*1 grams of calcium chloride ? 

CaCl, + H,SO, = 2HC1 + CaSO,. 

14. How many grams does a pound of selenite lose 
when heated to 200° C. ? 

CaS0,2H,0 = CaSO, + 2H,0. 

15. A substance contains calcium 38*72 per cent., 
phosphorus 20 per cent., and oxygen 41*28 per cent. Find 
its formula. 

16. A salt contains calcium 27*4 per cent., carbon 
16*44 per cent., oxygen 43*84 per cent., and water 12*33 per 
cent. Find its formula. 
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17. What volume of chlorine at 21^0. must be used 
to make 1000 grams of bleaching powder, and how much 
manganese dioxide is required to obtain the chlorine ? 

MnO, + 4H01 = MnOl, + 2H,0 + 01„ 

CaO + Cl, = CaO01,. 

18. Oalcium hydrate is soluble in 720 times its mass of 
cold, and in 1300 times its mass of boiling water. How 
much of the hydrate precipitates on boiling a litre of the 
saturated solution ? 

19. How many c.c. of water must be added to 100 
grams of plaster of Paris to make it set % 

OaSO, + 2H,0 = OaSO, . 2H,0. 

20. How much water do 100 grams of calcium chloride 
combine with in crystallizing ? 

OaCl, + 6H,0 = CaOl, . 6H,0. 

21. How many grams of calcium chloride (CaOl^) must 
be dissolved in a litre of water to be equivalent to a hard 
water containing x grains of calcium carbonate (OaCOg) per 
gallon) 

22. 1000 grams of sea-water contain 1*33 grams of 
calcium sulphate, and 0*047 grams of calcium carbonate. 
How much sea- water would give 3*24 grams of calcium 
oxalate? 

CaSO, + (NHJ.C.O, = (NHJ. SO, + CaC,0^ 

CaOO, + (NH J,C,H, = (NHJ.OO. + CaO.O,. 

23. 100 grams of bleaching powder are heated with 

water and cobalt oxide, what volume of oxygen at 21^0. is 

-evolved ? 

2CaO01, = 20a01, + O,. 



CALCIUM. 191 

24. A cistern 10 feet square and 6 feet deep contains 
water saturated with calcium sulphate, which is soluble in 
400 times its mass of water. How many kilograms of the 
salt are there in the cistern ? 

26. 700 C.C. of water dissolve 1 gram of calcium hy- 
drate and 1*26 litres of carbon dioxide. If 700 c.c. of each 
solution be mixed, what mass of which substance remains in 

solution ? 

CaH,0, + CO, = CaCOg + H,0. 

26. A litre of air at 12°.0. when shaken up with lime- 
water gave 0*0017 gram of calcium carbonate. Find the 
percentage by volume of carbon dioxide in the air. 

OaH,0, + CO, = CaCO, + H,0. 
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CHAPTER XXVI. 

Strontium. Sr =87*6. 
Barium. Ba = 137. 

1. Find the percentage composition of (a) Strontianite 
Sr003, (p) Celestine SrSO,, (y) Witherite Ba003, and (8) 
Heavy Spar BaSO^. 

2. A strontium (A 2*54) wire 10 cm. long weighs 2*6 
grams, find its radius. 

3. What is the probable specific heat of barium ] 

4. 1000 grams of strontium nitrate are heated, how 
much strontia is left ? 

Sr2N03 = SrO + 2N0, + O. 

5. How much baryta can be made from 1000 grams of 
barium nitrate ? 

Ba2N03 = BaO + 2N0, + O. 

6. 2 grains of strontium are obtained by passing a 
current of electricity through the fused chloride, what 
volume of chlorine at 15** 0. is set free 1 

SrCl, = Sr + Olj,. 

7. A litre of carbon dioxide at 15° 0. is drawn through 
baryta water; how much barium carbonate precipitates? 

H^BaO. + CO, = H,0 + BaCO,. 
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6. One gram of calcium sulphate ydll fot*m how much 
barium sulphate? 

CaSO, + BaCl, = CaOl, + BaSO^. 

9. 0*591 gram of witherite gave 0-699 gram of barium 
sulphate; find the percentage of barium in the witherite. 

BaC03 + H,SO, = H,0 + 00, + BaSO,. 

10. 100 grams of barium monoxide are heated in 
oxygen, what volume of oxygen at 21° 0. is absorbed ? 

BaO + O = BaO,. 

11. How many cubic metres would a ton of barium 
sulphate A 4*6 occupy] 

12. 100 grams of water dissolve 5 grams of crystallized 
barium hydrate, how much hydrogen sulphate is required 
to precipitate the barium from 20 grams of such a solution ? 

BaH^O, . 8H,0 + H^SO^ = lOH^O + BaSO,. 

13. Crystallized barium hydrate (H^BaO, . SH^O) is 
soluble in 20 times its mass of cold water. How much 
barium hydrate is there in 100 grams of the saturated 
solution 1 

14. A solution contains 1 00 grams of crystallized barium 
chloride per litre, how much hydrogen sulphate will 1 c.a 
of the solution precipitate ? 

BaCl, . 2H,0 + H,SO, = 2H,0 + 2HC1 + BaSO,. 

15. What volume of sulphur dioxide at 39° 0. must be 

passed over 100 grams of heated barium dioxide to convert 

it into sulphate ? 

SO, + BaO, = BaSO^. 

16. 59 litres of air are drawn over heated baryta, how 
much barium dioxide is formed 1 

BaO + O = BaO,. 

L. c. A. 13 
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17. 20 grams of witherite are dissolved in hydrogen 
chloride, how much crystallized barium chloride and what 
volume of carbon dioxide is formed ? 

BaOO, + 2Ha + H,0 = CO, + BaCl, . 2H,a 

18. Crystallized strontium hydrate is soluble in 50 
times its m^ss of wat«er, how much hydrogen sulphate will 
100 grams of such a solution precipitate 1 

H,SrP, . 8H,0 + H,SO, = lOH.O + SrSO,. 

19. If air contains 0*037 per cent, by volume of carbon 
dioxide, find the mass of the precipitate produced on 
drawing 1000 litres of air through baryta water, 

CO, + H,BaO, = H,0 + BaCO,. 

20. 100 grams of hydrated barium dioxide are sus- 
pended in water, what volume of carbon dioxide at 13°C. 
is required to precipitate the barium ) 

BaO, . 6H,0 + CO, = BaCO^ + H,0, + 6H,0. 

21. What volume of carbon dioxide at 10^ C. is re- 
quired to precipitate the barium from a solution of 100 
grams of crystallized barium chloride in presence of am- 
monia? 

2NH3 + BaCl,2H,0 + CO, = BaCO, + H,0 + 2NH,a 

22. If 14 grams of barium dioxide are heated, what 
volume of oxygen at 15° C. and 700 m.m. is given off? 

BaO, = BaO + O, 

23. On the addition of ammonium carbonate to a 
mixture of calcium and barium chlorides, the precipitate 
weighed 10 grams. On redissolving the precipitate and 
adding ammonium sulphate, the precipitate weighed 12 



STRONTIUM. BARIUM. 195 

grams. How much barium and how much calcium was 
present 1 

4NH3 + [BaCa] CI, + 2H,0 + 2C0, = 4NH,C1 + [BaCa] CO.. 
[BaCa] CI, + 2H,S0^ = 4HC1 + [BaCa] SO^. 

24. According to Marignac, 10 grams of crystallized 
strontium chloride give 6*8855 grams of strontium sulphate. 
Pind the atomic weight of strontium. 

SrCl, . 6H,0 + H,SO^ = 6H,0 + 2HC1 + SrSO^. 



13—2 
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CHAPTER XXVII. 

Aluminium. A1 = 27. 

1. How much aluminium is there in 100 grams of 
(a) cryolite Al^Na^F^,, (p) common alum K,A1,4S0^. 24H,0? 

2. A sheet of aluminium (A 2*67) is 1 m.m. thick, 
1 d.m. across, and 1 m. long. Find its mass. 

3. 5*4 grams of aluminium are dissolved in potassium 
hydrate, what volume of hydrogen is given off 1 

Al, + 2HK0 + 2H,0 = 2KA10, + 6H. 

4. What volume of oxygen is required to bum 10 
grams pf aluminium ? 

Al, + 30 = Al^O,. 

5. How much aluminium is there in 100 grams of 
turquois (A1,P,03 . H,A1,0, . 2H,0) 1 

6. What volume of oxygen at 15® C. is required to 
burn 50 grams of aluminium 1 

Al, + 30 = AI.O3. 

7. 50 grams of oxygen are heated with 54 grams of 
aluminium, what volume of oxygen is left uncombined ? 

Al, + 30 = Al30,. 
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& 100 grams of atnmonia-alam are heated, how much 
alumina is left 1 

(NHJ,A1,4S0, . 24H.O = (NHJ^SO, + Al^O, 

H-3H,SO,+ 21H,0. 

9. How much alumina and how much silica is there 
in 100 grams of clay (A\fi^ . 2SiO,) 1 

10. How much potassium-alum (K^ Alj4S0^ . 24HjO) 
can be made from 1000 000 grams of clay {Alfi^ . 2SiOJ 1 

11. What volume of ammonia can be obtained from 
100 grams of ammonia-alum ? 

(NHJ^,4S0, . 24H,0 + 2HK0 = K,A1,4S0, . 24H,0 

H- 2H,0 + 2NH3. 

12. 7*339 litres of the vapour of aluminium chloride at 

546^ 0. are passed over heated sodium, how much aluminium 

is set free ? 

A1,C1, + 6Na = 6NaCl + 2 Al. 

13. A mineral was found to contain alumina 68*31 
per cent., ferric oxide 3 37 per cent., feiTous oxide 2*06 
per cent., and magnesia 26*26 per cent. Find its formula. 

14. Find the percentage composition of aluminium and 
sodium chloride. (Al^NajClg.) 

16, Find the percentage composition of diaspora 
<A1.0,.H.O.) 

16. 5 grams of aluminium are heated in sulphur vapour. 
How much aluminium sulphide is formed ) 

A1, + 3S = A1,S3. 

17. 10 kilograms of alumina will form how much 
potash-alum ) 

A1,0, + 3H,S0, + K,SO, + 21H,0 = K, A1,4S0, . 24H,0. 



198 ALUMINIUM. 

18. The vapour of aluminium chloride is 9*34 times as 
heavy as air, find its molecular weight. 



19. 20 grams of cryolite are heated with hydrogen 
sulphate, what volume of hydrogen fluoride at 20** 0. is- 
given off? 

Na^l^F^ + 6H,S0, = 3Na,S0, + A1,3S0, + 12HF. 

20. Find the mass of 10 litres of the vapour of alu- 
minium chloride (Al^Ol^) measured at 300® 0. 

21. Aluminium bronze contains 10 per cent, of alumi- 
nium (A 2*6) and 90 per cent, of copper (^8 '9). Find the 
density of the alloy supposing that no change of volume has 
taken place. 

22. What volume of chlorine at 16° C. and 750 m.m. is 

required to convert 10 grams of alumina into aluminium 

chloride ? 

Al^O. + 30 + 601 = 300 + Al,01.. 

23. Find a formula for ultramarine which contains 
aluminium 14 '5 per cent., silicon 17 '5 per cent., sodium 
16 per cent., sulphur 14*2 per^cent., and oxygen 37*8 percent. 

24. 1 gram of aluminium when dissolved in hydrogen 
chloride gave 1-271 lit. of hydrogen at 10*0. Find the 
atomic weight of aluminium. 

Al, + 6HC1 = Al,01, + 6H. 

25. Steam is passed over 20 grams of gently heated 
aluminium chloride, what volume of hydrogen chloride at 
150<»0. is formed? 

Al,01, + 3H,0 = Al,03 + 6H01. 



ALUMINIUM. 199 

26. What volame of aluminium (A 2 '6) must be dis- 
solved in potassium hydrate to make a litre of hydrogen at 
12'»0.?1 

Al, + 2HK0 + 2H,0 = 2KA10, + 3H,. 

27. If 10 grams of aluminium sulphide are thrown 
into water, what volume of hydrogen sulphide at 15®0. and 
800 m.m. is given off? 

Al^S, + 3H,0 = Al.O, + 3H,S. 

28. Find a formula for Stourbridge fire-clay which 
contains silica 64*1 per cent, alumina 23*15 per cent., 
ferrous oxide 1*85 per cent., magnesia 0*95 per cent., and 
water 10 per cent. 
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. CHAPTER XXVIII. 
Magnesium. Mg=24. 

1. How much magnesium is there in 1000 grains of 
(a) magnesite MgOO,, and ()8) Epsom salts MgSO^ . 7Kfll 

2. How many yards of wire ^t ^^^ ^ diameter can be 
made from an ounce of magnesium (A 1*74) ? 

3. What volume of oxygen is required to bum 4 grams 

of magnesium 1 

Mg + = MgO. 

4. 10 grams of magnesium are dissolved in hydrogen 
chloride, what volume of hydrogen is given off 1 

Mg + 2HCl = MgCl, + H,. 

5. 100 grams of potassium are heated with magnesium 
chloride, how much magnesium is formed ? 

K, + MgCl, = 2KC1 + Mg. 

6. 40 grams of magnesite are dissolved in hydrogen 
chloride, what volume of carhon dioxide is given off? 

MgCO. + 2H01 = MgCl, + H,0 + CO.. 

7. 10 grams of magnesite are dissolved in acid, what 
volume of carbon dioxide at 26° 0. is evolved ? 

MgCO. + 2H01 = MgCl. + H,0 + CO.. 
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8. A dolomite contains 12 per cent, of magnesium 
carbonate, how many kilograms of Epsom salts could be 
made from 120 kilograms of it? 

MgCO, + H,SO, + 6H,0 = CO, + MgSO, . 7H,0. 

9. Find the percentage composition of magnesium pyro- 
phosphate (MggPjjOy). 

10. Find the percentage composition of meerschaum 
(Mg.Si.O,4H.O). 

11. Find the percentage composition of dolomite 
(CaMg2C03). 

12. Find the percentage composition of serpentine 
(Mg.Si.O,.2H.O). 

13. How much crystallized magnesium sulphate can be 
obtained by dissolving 1000 grams of magnesite in dilute 
hydrogen sulphate, and what volume of carbon dioxide is 
evolved ? 

MgCO, + H^SO, + 6H,0 = MgSO, . 7H,0 + CO,. 

14. What masses of (a) sodium Na^COg, (j8) calcium 
CaCOg, and (y) magnesium MgCOg carbonates contain one 
litre of carbon dioxide ? 

15. 40 grams of magnesium are dissolved in dilute 
hydrogen chloride, what volume of hydrogen at 2 PC. and 
380 m.m. is given off? 

Mg + 2Ha = MgCl, + H,. 

16. Equal masses of magnesium (A 1*7), zinc (A 7), 
and cadmium (A 8*5) are alloyed. If no change of volume 
takes place, find the density of the alloy. 

17. Equal masses of magnesium {A 1*7), and of cad- 
mium (A 8*5) are fused together. If no change of volume 
takes place, find the density of the alloy. 
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18. 4 grains of dolomite when strongly heated gave 
938*6 O.C. of carbon dioxide. Find the percentage of calcium 
and of magnesium carbonate in the dolomite ? 

0aCO3=CaO + 0O,. 
MgCO,= MgO + CO,. 

19. 0*2 gram of magnesium, when dissolved in acid 
gave 195*5 c.a of hydrogen at 13®0. What is the atomic 
weight of magnesium ? 

Mg + 2HC1 = MgCl, + H,. 

20. 0*1 gram of magnesium when dissolved in acid 
gave 100 C.C. of hydrogen at 12® 0. the barometer standing 
at 758*8 m.m., and the column of water in the tube being 
250 m.m. Find the equivalent of magnesium. 

mg + hcl = mg cl + h. 



21. What volume of hydrogen at 13' 0. and 740 m.m. 

is given off on dissolving 0*02 grams of magnesium in dilute 

acid? 

Mg + 2HC1 = MgCl, + H,. 

22. 2 grams of magnesium are prepared by the electro- 
lysis of the fused chloride, what volume of chlorine at 15^0. 
and 745 m.m. is given off? 

MgCl. - Mg + Cl,. 

23. What volume of nitrogen at 20° 0. and 780 m.m. 
will combine with 50 grams of magnesium ? 

3Mg + 2N = Mg3N,. 

24. What volume of hydrogen measured over water at 
14' C. and 760 m.m. is set free on dissolving 0*2 grams of 
magnesium in acid '? 

Mg + 2H01-Mg01, + H,. 
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CHAPTER XXIX. 

Zinc. Zn. = 65. 
Oadmium. Cd = 1 1 2. 

1. Find the percentage composition of (a) zinc blende 
ZnS and (^) calamine ZnCO,. 

2. Zinc melts at TTS^F. and boils at IDOi'^F., what 
are these temperatures on the Centigrade scale ? 

3. Find the formula of a substance containing zinc 
54*17 per cent., silicon 11 '67 per cent., oxygen 26*67 per 
cent, and water 7*5 per cent 

4. How much zinc white can be made from 1000 grams 
of zinc, and what volume of air is required ? 

Zn + O = ZnO. 

5. 20 grams of zinc are dissolved in dilute hydrogen 
sulphate, what volume of hydrogen is given off? 

Zn + H,SO, = ZnSO, + H,. 

6. Find the percentage composition of cadmium sul- 
phide CdS. 

7. How much cadmium iodide can be made from 56 

grams of cadmium? 

Cd + 21 = Cdl,. 
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8. How many pounds of zinc can be dissolved by 600 
pounds of hydrogen sulphate diluted with water 9 

Zn + H,SO^ = ZnSO^ + H,. 

9. How much zinc can be dissolved by 450 pounds of 

solution of hydrogen chloride containing 30 per cent of real 

acid) 

Zn + 2HC1 - ZnCl, + H,. 

10. What volume of air is required to oxidize 1000 
kilograms of zinc blende 1 

2ZnS + 30, = 2ZnO + 280,. 

11. Cadmium becomes brittle at 180^ F., melts at 
242° F., and boils at 1580*^ F. What are these temperatures 
on the Centigrade scale ? 

12. How much crystallized cadmium bromide can be 
made from 100 grams of cadmium, and what volume of 
hydrogen is given off? 

Cd + 2HBr + 4H,0 = CdBr,4H,0 + H,. 



13. A metallic chloride is found to contain 38*66 per 
cent, of chlorine, and its vapour is 8 times as heavy as air. 
Find the atomic weight of the metal and the formula of the 
chloride. 

14. How much zinc must be dissolved in dilute hydro- 
gen sulphate to fill a wedge-shaped india-rubber bag 1 m. 
long, 60 cm. broad, and 340 m.m. deep at the thickest end, 
with hydrogen at 15° C, and 780 m.m. ) 

Zn + H,SO^ = ZnSO^ + H,. 

15. What volume of hydrogen measured over water at 

15° C. and 760 m.m. is set free on dissolving 0*5 grams of 

zinc in acid f 

Zn + 2HC1 = ZnCl, + H,. 
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16. Find the formula of a substance containing zinc 
58*56 per cent., carbon 4-05 per cent., oxygen 25*23 per 
cent, and water 12*16 per cent. 

17. 4 litres of chlorine at SO^C. and 770 m.m. are 
passed over heated zinc, how much zinc chloride is formed ? 

Zn + CI, = ZnCl,. 

18. Brass consists of two parts of copper alloyed with 
one part of zinc. Find an approximate formula for it. 

19. 0*5 grams of zinc when dissolved in acid gave 
183 c.c. of hydrogen measured over water at 9^0., the 
barometer standing at 748 m.m. Find the equivalent of 
the metal. 

zn + hcl=znd-\-h, 

20. What volume of hydrogen can be obtained by 
dissolving 471 grams of zinc in acid, and how long will the 
gas take to diffuse through an apparatus which allows 16 
litres of nitric oxide (NO) to pass in 100 seconds ? 

Zn + 2HCUZnCl, + H,. " 

21. A quantity of .potassium nitrate is boiled with 
zinc, iron, and potassium hydrate, how much zinc is dis- 
solved during the evolution of one litre of ammonia at 10^ C. 
and 730 m.m. % 

14HK0 + 8Zn + 2KN0, = 8K,ZnO, + 4H,0 + 2NH,. 

22. A substance contains zinc 52*84 per cent., carbon 
39*03 per cent., and hydrogen 8*13 per cent. Find its 
formula. 
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CHAPTER XXX. 
Manganese. Mn = 55. 

1. Find the percentage of manganese in (a) pyrolusite 
MnO„ (P) Braunite Mn,0^ 

2. Manganese has the specific heat 0*114, and 69*92 
grams of it combine with 30*38 grams of oxygen ; find the 
atomic weight of the metal. 

3. A pellet of manganese weighed in ether (A '7024) 
14*6212 grams, and in chloroform (A 1*5252) 12*9756 grams, 
find the density of the metal. 

4. According to v. Hauer, manganous sulphate (MnSO J 
contains 42*39 per cent, of oxygen. Find the atomic weight 
of the metal. 

5. What is the mass of a manganese wire (A 8) 1 m. 
long and 1 m.m. in radius ] 

6. 100 grams of manganous oxide are heated to white- 
ness with charcoal, liow much manganese and what volume 
of carbon monoxide are formed ? 

MnO + C = Mn + CO. 

7. What volume of oxygen at 12°0. can be made by 
heating 500 grams of manganese dioxide ? 

3MnO, = Mn30^ + 0^ 
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8. What volume of oxygen at 760 m.m. can be made 
by heating 500 grams of manganese dioxide with hydrogen 
sulphate ? 

MnO, + H,SO, = MnSO, + H,0 + O. 

9. How many grams of oxygen are there in 100 grams 
of potassium permanganate (K^Mn^Og) 1 

10. How much manganese ore containing 85 per cent, 
of the dioxide is required to give 300 lbs. of chlorine 1 

MnO, + 4HC1 = MnCl, + 2H,0 + CI,. 

11. Find the percentage composition of manganese- 
alum (K,Mn,4S0, . 24H,0). 

12. How much manganese dioxide can be made from a 
cubic metre of "red liquor" containing 0'3 gram of mangan- 
ous chloride in 1 c.c. ? 

MnCl, + H.CaO, + O = CaCl, + H,0 + MnO,. 

13. Find the percentage composition of manganese 
blende (MnS). 

14. How much manganous sulphate can be obtained 
from a kilogram of manganese dioxide ? 

MnO, + H,SO, = H,0 H- O + MnSO,. 

15. 487 grams of manganese dioxide are heated, what 
volume of oxygen at 15® 0. is given off? 

3MnO, = MOgO^ + O,. 

16. 10 grams of manganese ore mixed with hydrogen 
sulphate oxidized 10 9 53 grams of hydrogen oxalate. Find 
the percentage of manganese dioxide in the ore. 

MnO, + C,H,0, . 2H,0 + H,SO, = MnSO, + 2C0, + 4H,0. 

17. A sample of pyrolusite is found to contain 34 per 
cent, of oxygen as the dioxide. What volume of chlorine 
can be obtained by heating 20 grams of the mineral with 
hydrogen chloride ? 

MnO, + 4H01 = 2H,0 + MnCl, + CI,. 
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18. 4*9435 grams of commercial manganese dioxide, 
when warmed with hydrogen sulphate and oxalate, caused 
the evolution of 2*18 grams of carbon dioxide. Find the 
pei'centage of real dioxide in the sample. 

MnO, + C,H,0, . 2H,0 + H^SO, = MnSO, + 4H,0 + 2C0,. 

19. 0*4 gram of "manganese " containing 90 per cent, of 
real dioxide is distilled with hydrogen chloride. How much 
iodine is set free on leading the evolved chlorine into solu- 
tion of potassium iodide 1 

MnO, + 4HC1 = 2H,0 + MnCl, + Q,. 
C1, + 2KI = 2KC1 + I,. 

20. 2 grams of dry manganous sulphate are dissolved 
and precipitated by barium chloride. What will the mass 
of the precipitate be if (i) Mn = 55, and (ii) Mn = 54 ? 

MnSO, + BaCl^ = MnCl, + BaSO,. 



21. How much manganese dioxide must be heated to 
form 1000 litres of oxygen at 20° C. ? 

3MnO, = Mn O + O,. 

22. What volume of air is required to oxidize the man- 
ganese in 1000 litres of 'red liquor' containing 100 grams 
of manganous chloride per litre ? 

MnCl, + H,CaO, + O = H,0 + CaCl, + MnO,. 

23. How much manganese dioxide is required to give 
2-7 litres of oxygen at 14® C. and 754 ni.m. ? 

3MnO, = Mn30^ + 0,. 

24. A gram of partially dried hydrogen oxalate when 
warmed with hydrogen sulfihate and manganese dioxide 
gave 492 c.c. of carbon dioxide measured over water at 20° 0. 
and 757*4 m.m. Find the percentage of water still left in 
the oxalate. 

C,H,0, + H,SO, + MnO, = MnSO, + 2H,0 + 2C0,. 
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CHAPTER XXXI. 
Ibon. Fe = 66. 

1. Find the mass of a cylindrical cast-iron (A 7*25) 
cannon-bolt, 10 cm. in diameter and 15 cm. long. 

2. Find the mass of a cast-iron (A 7-26) hexagonal 
cannon-bolt, each side of the hexagOQ being 2 cm. and its 
length 20 cm. (The area of a hexagon is 2-598 times the 
square of a side.) 

3. An empty spherical Mallet shell (A 7*25) is a yard 
in diameter and two inches thick. Find its mass in kilo- 
grams. 

4. A wrought-iron (A 7*8) cube weighs 1 kilogram, find 
the length of its edge in centimetres. 

5. Find the mass of a cast-iron (A 7*25) grape-shot 2 cm. 
in diameter. 

6. How many grams does a cubic foot of pure iron 
(A 7*88) weigh more than a cubic foot of steel (A 7*75) ? 

7. Find the mass in tons of a forged steel cylinder 
(A 7*8) 13 metres long and a metre in diameter. 

8. The best Low Moor iron will bear a pull of 64 200 lbs. 
per square inch, how many kilos, will a wire 2 m.m. in 
diameter carry ? 

L. c. A. 14 
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9. On January 18th 1881 the barometer in London 
stood at 30*961 inches. How many m.m. high was it? 

10. An iron (A 7*8) armour plate is 12 feet long, 4 feet 
wide and 6 inches thick, find its mass in tons. 

11. What volume of hydrogen at 15° 0. and 730 m.in. 
is required to reduce 273 grams of ferric oxide 1 

Fe,0, + 6H = 3H O + 2Fe. 

8 9 M 

12. How much fen'ous oxide can be made by heating 
147 grams of ferrous oxalate in hydrogen ? 

FeOp,2H,0 = 2H,0 + CO, + CO + FeO, 

13. What volume of hydrogen is evolved during the 
formation of 463 grams of crystallized ferrous chloride ? 

Fe + 2HC1 + 4H,0 = FeCl, . 4H,0 + H,. 

14. What volume of hydrogen at 13° 0. is required to 
reduce 894 grams of ferric oxide ? 

. Fe^Og + 6H = 3HgO + 2Fe. 

15. Find the percentage composition of potassium 
ferrate (K^FeOJ. 

16. How many tons of coke containing 97 per cent, of 
carbon are required to reduce 388 tons of hematite ? 

Fe^O, + 30 = 3C0 + 2Fe. 

17. Find the percentage composition of ferrous oxalate 
(FeC.O,.2H.O). 

1 8. Find the percentage composition of hydrated ferrous 
carbonate (FeCOg . H^O). 

19. How many cubic metres of carbon monoxide at 

1200° C. are evolved in making a ton of iron from ferrous 

carbonate % 

FeCO. + 20 = 300 + Fe. 
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20. How much colcothar and Nordhausen sulphuric 
acid can be made from 348 tons of green vitriol ? 

6FeS0, . 7H,0 + 30 = 39H,0 + Fe.O, + 2Fe,3SO, . 3H,0. 
Fe.03 + 2Fe,3SO, . 3H,0 = 3FeP3 + 3H,S,0,. 

21. What volume of oxygen is required to bum 10 

grams of iron ? 

3Fe + 40 = FejO,. 

22. Find the formula of a salt containing iron 28 per 
cent., sulphur 24 per cent, and oxygen 48 per cent. 

23. Crystallized ferric and ammonium sulphate contains 
^ of its mass of iron, find its formula. 

24. How many grams does a cubic foot of iron (A 7 '7) 
weigh? 

25. What is the percentage of iron and of sulphur in 
iron pyrites (FeS^) ? 

26. What volume of oxygen is required to convert 100 
grams of ferrous into ferric oxide ? 

2FeO + O = Fe„0„. 
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27. Calculate the percentage composition of the carbides 
of iron (a) Fe,C, (/?) Fe.C. 

28. Calculate the percentage composition of crystallized 
ferrous sulphate (FeSO^ . 7H^0). 

29. How many grams of ferrous sulphide are required 
to give 750 c.c. of hydrogen sulphide ? 

FeS + 2HC1 = FeCl, + H,S. 

30. How much crystallized ferrous sulphate can be 
made from 10 grams of iron ? 

Fe + H^SO, + 7H,0 = H, + FeSO, . 7H.0. 

14—2 
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31. An iron (A 7'7) wire 1 m.m. in diameter is burnt 
in a cylinder of oxygen. After the combustion the water 
rises in the cylinder through a height equal to the length of 
wire burnt. Find the radius of the cylinder. 

3Fe + 40 = Fefi^. 

32. The mass of a litre of the vapour of ferric chloride 
reduced by calculation to 0° C. and 760 m.m. is 14*56 grams. 
Find its molecular weight, 

33. An iron ore contains 59*89 per cent, of iron as 
ferric oxide, and 14*44 per cent, of water, find its formula. 

34. Find the percentage composition of magnetic pyrites 

35. How many tons of hydrogen sulphate can be made 
from 10 tons of pyrites 1 

2FeS, + 150 + 4H,0 = Fe O, + 4H SO,. 

36. Find the percentage composition of pyrrhotin if its 
formula be (a) Fe^S,, ()8) Fe.S^. 

37. Iron nitride obtained by heating ferrous chloride 
in ammonia contains 9*3 per cent, of nitrogen. Find its 
formida. 

38. What volume of sulphur dioxide at 39** C. can be 
obtained by passing air over 100 grams of ferrous disulphide 
heated to i*edness 1 

2FeS, + 110 = Fe,03 + ^SO,. 

39. 14 grams of iron are dissolved in hydrogen chloride, 
what volume of hydrogen at 13° 0. is given off? 

Fe + 2H01 = FeCL + H,. 

% mm 

40< Two litres of gaseous hydrogen chloride are passed 
over heated iron, how much ferrous chloride is formed ? 

Fe + 2H01 = FeOl, + H,. 
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41. 347 grams of feiTous sulphide are dissolved ia hy- 
drogen chloride, what volume of hydrogen sulphide at 11^ C. 

is given off? 

FeS + 2H01 = FeCl, + H.S. 

42. "What volume of hydrogen sulphide at 17* C. is 
evolved on dissolving 489 grams of ferrous sulphide in acid ? 

FeS + H,SO, = FeSO, + H,S. 

43. What volume of hydrogen at 13° 0. is evolved 
during the solution in dilute hydrogen sulphate of sufficient 
iron to form 1463 grams of crystallized ferrous sulphate? 

Fe + H^SO, + 7H,0 = FeSO, . 7H^0 + H,. 

44. How much ferric oxide is obtained on drying the 
precipitate produced by ammonia in a solution of 187 grams 
of crystallized ferric nitrate ? 

Fe,6N03 . 18H,0 + 6NH3 = 15H,0 + 6NH^N03 + Fe.O,. 

45. How much sulphur precipitates on passing 1*7 litres 
of hydrogen sulphide at 17° 0. through an excess of solution 
of ferric chloride ? 

Fe.OL + H,S = 2FeOL + 2H01 + S. 

46. A salt contains iron 14 per cent., iodine 63*5 per 
cent., and water 22*5 per cent., find its formula. 

47. During the solution of a gram of iron in dilute 
hydrogen chloride, 389*74 c.c. of hydrogen at 14° 0. and 
820 m.m. were evolved. Find the equivalent of iron, 

/e + hcl =/e cl + h, 

48. How much iron will one gram of potassium per- 
manganate convert from ferrous into ferric salt ? 

lOFeSO, + K,Mn303 + 8H3SO, 

» 5Fe,3SO, + K,SO, + 2MnS0, + 8H3O. 
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49. If 3 grams of potassium permanganate are dissolved 
in a litre of water, to how much iron does 1 cc of the solu- 
tion correspond ? 

K,Mn,03+ 10Fe+ 18H,S0, 

= 5Fe,3SO, + K,SO, + 2MnS0, + 8H.0. 

50. A solution of 0*985 gram of black-band ironstone 
required 55*5 cc. of a solution of potassium permanganate, 
containing 3 grams of the salt per litre. What is the per- 
centage of iron in the ore 1 

lOFeSO, + K,Mn,03 + 8H,S0, 

= 5Fe33SO, + K,SO, + 2MnS0, + 8H,0. 

51. How much potassium dichromate is required to 
convert one gram of iron from ferrous into ferric salt 1 

K^Cr^O, + 6FeS0, + 7H,S0, 

= K.SO, + Cr,3S0, + 7H,0 + 3Fe,3SO,. 

52. A balloon containing 1000 cub. metres is to be 
filled with hydrogen, when it has gone up to such a height 
that the pressure is 480 m.m. and the temperature — 30° C. 
How many kilograms of iron must be heated in steam ? 

3Fe + 4H p = FeA + ^H,. 

53. How much potassium permanganate is required to 
convert one gram of iron from ferrous to ferric salt 1 

K^Mn^O^ + lOFeSO, + 8H,S0, 

= K,SO, + 2MnS0, + 5Fe,3SO^ + 8H,0. 

54. 0*2 gram of levigated iron when dissolved in acid 
required 30 cc. of solution of potassium permanganate, con- 
taining 3 grams of the salt per litre. What is the percent- 
age of iron i 

K^Mn^Og + lOFeSO, + 8H,S0, 

= K,SO, + 2MnS0, + 5Fe,3SO, -f 8H,0. 
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55, 3 C.C. of a solution of ferrous sulphate required 
22*5 c.c. of a solution of potassium dichromate containing 
4*9 grams of the salt per litre. How much iron is there in 
1 C.C. of the solution ? 

K,0r,O, + 6FeS0, + 7H.S0, 

= K,SO, + Cr,3S0, + SFe.SSO, + 7H,0. 

56. How much potassium dichromate must be dissolved 
in a litre of water, that 1 c.c. of the solution may be equiva- 
lent to 0*0066 gram of iron ? 

K,0r,O, + 6FeCl,+ 14HCl 

= 3Fe.Cl, + 2K01 + Or^Ol, + 7H,0. 

67. From how many litres of air at 13° 0. is the oxygen 
removed by a kilogram of iron in rusting 1 

2Fe + 30 = FeO. 



68. A balloon 100 feet in diameter is to be filled with 

hydrogen, how many tonnes of iron must be dissolved in 

acid? 

Fe + 2H01 = FeOL + H . 

9 9 

69. What volume of gaseous hydrogen chloride must 
be dissolved in water to act upon 89 grams of iron 1 And 
what volume of chlorine must be passed into the solution to 
convert the ferrous into ferric salt ? 

Fe + 2H01 = FeCl, + H,. 
2Fe01, + 01, = Fe,01.. 

60. Calculate the percentage composition of a sample 
of Swedish steel which gave the following results, (a) 7*791 
grams gave 0*208 gram of carbon dioxide, (P) 10*768 grams 
gave 0*004 gram of barium sulphate, (y) 10*768 grams gave 
0*011 gram of graphite and 0*006 gram of silica, (8) 10*786 
grams gave 0*018 gram of manganoso-manganio oxide. 
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61. 10 grams of ferrous oxalate when heated in hydro- 
gen gave a mixture of iron and ferrous oxide. The product 
when dissolved in acid gave 300 c.c. of hydrogen measured 
over water at 10° 0. Find the percentage of iron and of 
ferrous oxide in the residue. 

FeO,0,2H,0 = 2H,0 + 00, + 00 + FeO. 

FeO,0,2H,0 = 2H,0 + 200, + Fe. 

Fe + 2H01 = FeOl, + H,. 

62. Some steel-grey crystals in a Oarinthian blast fur- 
nace were found to contain iron 76*23 per cent., and oxygen 
23 '76 per cent. Find the formula of the oxide. 

63. Steam is passed over 9*7 grams of ferrous chloride 
heated in a tube. What does the resulting hydrogen measure 
over water at 20® 0. and 700 m.m. ? 

3Fe01, + 4H,0 = Fe30, + 6H01 4- H,. 

64. 1 '26 gram of ferric oxide was reduced by hydrogen 
and the metal dissolved in dilute acid. The hydrogen 
evolved measured 382*6 c.c. over water at 17® 0. and 750 
m.m. Find the atomic weight of iron. 

Fe,0, + 6H = 3H O + 2Fe. 

2Fe + 4H01 = 2Fe01, + 4H. 

65. A salt of iron contains iron 43*75 per cent., sulphur 
18'75 per cent., and oxygen 37*5 per cent. Find its for- 
mula. 

66. What volume of sulphur dioxide at 10® 0. must be 
passed into a boiling solution of ferric chloride containing 
437 grams of iron to reduce it to ferrous chloride .? 

Fe.CL + 2H O + SO, = 2FeOL + 2H01 + H.SO^. 
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CHAPTER XXXII. 

Cobalt. Co = 59. 
Nickel. Ni = 58. 

1. A SUBSTANCE contains cobalt 35*54 per cent., arsenic 
45*18 per cent.^ and sulphur 19*28 per cent. Find its 
formula. 

2. Find the percentage composition of nickelous oxide 
(NiO). 

3. Find the percentage composition of cobaltous sul- 
phate (CoSO^ . 7Hp). 

4. What volume of hydrogen at 15® C. is required to 
reduce 100 grams of cobaltic oxide t 

Co,03 + 6H = 3H,0 + 2Co. 

5. How much nickelic oxide can be obtained by heating 
100 grams of nickelous nitrate 1 

2Ni (N0,),6H,0 = 12H,0 + N.O3 + mfi^ 

6. How much mercuric oxide is required to precipitate 
20 grams of nickel as nickelous oxide ? 

NiCl, + HgO = HgCl, + NiO. 

7. What volume of hydrogen at 17® C. is required to 
reduce 10 grams of nickelous oxide ? 

NiO + H, = H,0 + Ni. 
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8. Find the percentage composition of potassium and 
nickel nitrite NiK^ (NO,),. 

9. What volume of chlorine at 14® 0. must be passed 
into a solution of 1000 grams of cobalt in presence of barium 
carbonate to precipitate them as cobaltic oxide ? 

2CoCL + 3BaC0, + OL = 3BaCL + 3C0, + Co A- 

10. What volume of carbon monoxide at 1200*0. is 
set free in reducing 764 grams of nickelous oxide ? 

NiO + C = 00 + Ni. 

11. Find the percentage composition of potassium 
cobalticyanide (KgCOgCj^Nj,). 

12. What volume of bromine (A 3) is required to 
precipitate 10 grams of cobalt in presence of barium car- 
bonate as cobaltic oxide 1 

2CoOL + 3BaOO, + 2Br = 2BaCL + BaBr + 300 + Oo^. 

13. What volume of carbon dioxide at 90® 0. is given 
off on heating 170 grams of nickelous carbonate ? 

NiC03 = mo + CO.. 

14. What volume of chlorine at 26® 0. and 740 m.m. is 
evolved on boiling 10 grams of cobaltic oxide with hy- 
drogen chloride 1 

CojO, + 6H01 = 20oCI, + 3H O + 20L 

8 9 8 8 



15. Find the formula of Schreibersite containing iron 
57*11 per cent., nickel 28*35 per cent., and phosphorus 
15*01 per cent. 

16. Find the formula of a substance containing hy- 
drogen 3*18 per cent, oxygen 33*88 per cent, nitrogen 
14*84 per cent., sulphur 16*95 per cent, and nickel 31*15 
per cent 
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17. Find the percentage composition of roseo-cobaltic 
chloride. (Co,01, . IONH3 . H,0.) 

18. 0*7 gram of cobalt gave 292*3 c.c. of hydrogen 
measured over water at 20*^ 0. and 766 m.m. What is the 
atomic weight of the metal ? 

Oo + 2HCl=OoO], + H,. 

19. How many cubic centimetres of nickel (A 8*8) will 
a spherical balloon of gold-beater's skin, 50 cm. across, 
weighing 5 grams, and filled with hydrogen just not lift 1 

20. A substance contains cobalt 26*69 per cent., 
arsenic 25 per cent., oxygen 21*31 per cent, and water 
24 per cent. What is its formula ? 

21. 1*4: grams of impure cobalt were dissolved in acid 
and mixed with potassium acetate and nitrate. The pre- 
cipitate dried at 100^0. weighed 9*2 grams. What per- 
centage of cobalt was there in the substance taken 1 

2C0OL + 2H0.H.O. + 12KN0, + O = 4K01 + H,0 

+ 2KOjH30a + Co,K, (NOj^^ 



a^a 



22. If a cubic foot of water weighs 62*4 lbs., find the 
diameter in inches of a cast-iron (A 7*25) 32 lb. cannon-ball. 
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CHAPTER XXXIII. 
Ohromium. Or = 52. 

1. Find the percentage composition of chrome ironstone 
(Cr.O.FeO). 

2. How many grams of sodium in vapour must be 

passed over 147 grams of heated chromic chloride to reduce 

it to chromium ? 

Cr.Ol, + 6Na = 6Na01 + 2Cr. 

3. Find the percentage composition of chromic oxide 
(•OrA). 

4. 10 grams of chromium trioxide when heated left 7*6 

grams of chromic oxide. What is the atomic weight of 

chromium ? 

20rO8=0r,O3 + 3O. 

5. How much is lost by 100 grams of lead chromate 
when heated in a stream of hydrogen ? 

2PbOrO^ + 5H, = 2Pb + OrA + oHaO. 

6. According to Berlin 100 parts of lead nitrate give 
97-676 parts of lead chromate ; find the atomic weight of 
chromium. 

Pb2N03 + K20rO^= 2KNO3 + PbOrO,. 
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7. 43 grams of chromium trioxide are heated to 250° 0. 
What volume of oxygen at that temperature is evolved ) 

20r03 = 0r,03 + 30. 

8. The three most elevated buildings in Europe are 
(a) the Hospice de St Gotthardt 2075 m., ()8) the Hospice 
de St Bernard 2491 m., (y) the Observatory on Mount 
Etna 2942 m. above sea-level. Find each of these altitudes 
in feet. 

9. How many tons of potassium dichromate can be 
made from 10 tons of chrome ironstone? 

2FeO0r,O3 + 3Ka0O3 + OaO + 70 = SKfirO^ + CaOrO, 

+ ¥efi^ + 300a. 
CaOrO, + K^SO, = CaSO, + K^OrO,. 
4KaOrO, + 2HjS0, = 2X^80, + 2HaO + 2KaOr,0^ 

10. What is the percentage composition of chromium 
phosphide (OrP) 1 

11. 163 grams of chromic oxide are heated with 
charcoal ; how much chromium is formed, and what volume 
of carbon monoxide at 26° 0. is evolved ? 

CrA + 30 = 300 + 20r. 

12. A substance contains chromic oxide 54*67 per 
cent., and water 45*33 per cent. Find its formula. 

13. What volume of oxygen is given off on heating 
2*98 grams of potassium dichromate with hydrogen sul- 
phate) 

2K30r3O, + IOH3SO, = 4HKS0, + 20r33SO, + SH.O + 60. 

14. How many times heavier than air is the vapour of 
chromium hexafluoride (OrF,) ? 
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15. Find the percentage composition of potassium 
chloro-chromate (KClOrOg). 

16. What volume of hydrogen at 15** C. is required to 
reduce 100 grams of chromic to chromous chloride? 

Cr^, + 2H = 2H01 + 20r01,. 

17. According to P6ligot, 100 grams of chromous 
chloride (OrClg) contain 57*5 grams of chlorine. Find the 
atomic weight of chromium. 

18. How much chromic sulphide can be obtained from 
100 grams of chromic oxide, and what volume of carbon 
dioxide at 210<> 0. is given off? 

20r,O3 + 30S, = 20,83 + 300,, 

19. The vapour of 20 c.c. of chromyl dichloride (A 1*7) 
is passed through a red-hot tube ; how much chromic oxide, 
and what volume of oxygen at 6® 0. and of chlorine at 6** 0. 
is evolved ? 

20rO301, = 0r,O3 + 401 + 0. 

20. A substance contains potassium 19*84 per cent., 
chromium 39*57 per cent., and oxygen 40*58 per cent. 
Find its formula. 

21. What volume of sulphur dioxide at 15° 0. and 
780 m.m. is required to reduce 47 grams of potassium 
dichromate ? 

K.Or^O, + 3S0, + H3SO, = K3SO, + Or.SSO, + H,0, 

22. A substance contains potassium 27*07 per cent., 
chromium 12 per cent., carbon 16*62 per cent., and oxygen 
44*31 per cent. Find its formula. 
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23. How much chromyl dichloride can be obtained by 
distilling 23 grams of sodium chloride with potassium 
dichromate and hydrogen sulphate ? 

4Na01 + K,0r,O, + 3H,S0, = 2Na,S0, + K,SO, 

+ 3H,0 + 20rO,01,. 



24. How much potassium dichromate must be heated 
with hydrogen sulphate to make 15 litres of oxygen at 
15«0. 1 

K,0r,O, + 5H,S0, = 2HKS0, + Cr,3S0, + 4H,0 + 30. 

25. 100 grams of mercurous chromate are heated; 
how much chromic oxide is formed, and what volume of 
oxygen is given off? 

2Hg,CrO, = 4Hg + Cr.O, + 50. 

26. What volume of oxygen at 30® 0. is given off on 
heating 70 grams of chromium trioxide ? 

20rO3 = Cr,O3+3O. 

27. What volume of nitrogen at 150® 0. is given off on 
heating 10 grams of ammonium dichromate? 

(NHJ, Or.O, = Or^O, + 4H.0 + 2N. 

28. What volume of hydrogen sulphide at 10® 0. is 
required to reduce 100 grams of chromium trioxide ? 

20rO3 + 3H,S = 3H3O + 3S + Or.O.. 

29. What volume of chlorine at 30® 0. is given off on 
distilling 1 gram of chromium trioxide with hydrogen 
chloride ? 

2Cr03 + 12H01 = 6H,0 + Or^Cl^ + 601. 

30. 20 grams of potassium dichromate are heated with 
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hydrogen oxalate and sulphate. What volume of carbon 
dioxide at SO'^ C. is given off? 

K,Cr,0, + 5H,S0, + 3C,H,0, = 2HKS0, + Or,3SO, 

+ 7H.0 + 6C0,. 

31. 21 litres of chlorine at 10® C. are passed over a 
heated mixture of chromic oxide and charcoal. How much 
chromic chloride is formed ? 

Cr,0, + 3C + 6C1 = 3C0 + Or OL. 

a BO 

32. 10 grams of lead chromate are heated with fluor- 
spar and hydrogen sulphate, what volume of chromium hexa- 
fluoride at 20® C. is obtained ? 

PbOrO, + 3CaF, + 4H,S0, = 4H,0 + 30aSO, + PbSO, + CrF,. 

33. 100 grams of potassium dichromate are boiled with 
equal quantities of ammonium and sodium nitrates. What 
volume of nitrogen at 13® 0. and 740 m.m. is evolved] 

K,0r,O,+ 4NH^N03 + iUfsiNO^ = 5H,0 + 2KN0^ 

+ 4NaN03 + H,CrO, + 4N. 

34. What volume of nitrogen measured over water at 
30® 0. and 740 m.m. is evolved on heating 70 grams of 
ammonium dichromate ) 

(NH J.Cr,0, = Or.O, + 4H.0 + N.. 
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CHAPTER XXXIV. 
Tin. Sn = 118. 

1. Find the percentage composition of tinstone (SnOJ. 

2. Find the formula of tin-pyrites which contains 
copper 29*53 per cent., iron 13'07 per cent., tin 27 "53 per 
cent, and sulphur 29-86 per cent. 

3. A sheet of tin-foil (A 7*3) is a yard long, a foot 
wide, and -01 of an inch thick, find its mass in grams. 

4. 100 grams of tin (A 7*3) are melted with 100 grains 
of lead (A 11*45). Find the density of the alloy supposing 
that no change of volume takes place. 

5. 10 grams of tin were boiled with hydrogen chloride, 
when 1*12 litres of hydrogen had been given off the tin was 
found to weigh 4*1 grams. Find the atomic weight of tin. 

Sn + 2H01 = Sn01, + H,. 

6. 100 grams of tin were heated with hydrogen nitrate, 
after ignition the stannic oxide weighed 127*1 grams. What 
is the atomic weight of tin ? 

Sn + O, = SnO^ 

7. What volume of air at 13^0. is required to convert 
590 grams of tin into the dioxide ? 

Sn + 0, = SnO^ 

L. C. A. 15 
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8. 17 grams of tin were dissolved in sodium hydrate, 
what volume of hydrogen at 16® 0. was evolved ? 

. Sn + 2HNaO + H,0 = Na,Sn03 + 4H. 

9. The vapour of stannic chloride is 9*199 times heavier 
than air, and that of stannous chloride 13*08 times heavier. 
Find the double densities of these vapours referred to hy- 
drogen. 

10. What volume of gaseous hydrogen chloride at 

60® C. is required to convert 50 grams of tin into stannous 

chloride ? 

Sn + 2HC1 = SnOl, + H,. 

11. What volume of chlorine at 26® C. is absorbed in 
converting 1000 grams of tin into the tetrachloride ? 

Sn + 4C1 = SnCl,. 

12. 40 grams of bromine are converted into hydrogen 
bromide which is passed over heated tin ; what volume of 
hydrogen at 15® 0. is set free? 

2HBr + Sn = SnBr^ + 2H. 

13. How much "tin-salts" can be made from 488 
grams of tin ? 

Sn + 2HC1 + 2H,0 = H, + Sn01,2H,0. 

14. Find the percentage composition of stannous 
metastannate (SnHgSn^Ojg). 

15. What volume of hydrogen sulphide at 26® C. is 
required to precipitate the tin from a solution of 110 grams 
of " tin-salts " 1 

Sn01,2H,0 + H,S = 2HC1 + 2H,0 + SnS. 

16. A substance contains tin 64*84 per cent., and 
sulphur 35*16 per cent. Find its formula. 
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17. What volume of hydrogen at 15® 0. is evolved on 
dissolving 10 grams of tin in hydrogen chloride ? 

Sn + 2HC1 = SnCl, + H,. 

18. What volume of chlorine at 10® 0. must be passed 
over 80 grams of tin to convert them into stannic chloride. 

Sn + 401 = SnOl,. 

19. 40 grams of tin were dissolved in hydrogen chloride, 
what volume of hydrogen at 39° 0. was given off 1 

Sn + 2HC1 = SnOl, + H,. 

20. Find the formula of a substance containing sodium 
16*2 per cent., tin 41*56 per cent., oxygen 16*9 percent, 
and water 25*34 per cent. ' 

21. A sheet of iron (A 7*8) 1 m. square and 1 m.m. thick 
is dipped into melted tin. If its original mass be increased 
by ^, what is the thickness of the layer of tin (A 7*3) 1 

22. How many grams does a spherical globule of tin 
(A 7*3) 2 m.m. in diameter weigh 1 

23. 9 grams of tin are dissolved in aqua regia, what 
volume of hydrogen sulphide at 15° 0. and 770 m.m. is re- 
quired to precipitate them 1 

SnOl, + 2H,S = 4HCa + SnS,. 

24. 10 C.C. of a solution of stannous chloride, when 
mixed with excess of ferric chloride, required 47 c.c. of a so- 
lution of potassium permanganate containing 3 grams of the 
salt per litre. How much tin was there in 1 c.c. of the ori- 
ginal solution ? 

SnCl, + Fe.Cl, = 2FeCl, + SnOl,. 
K,Mn,03 + lOFeCl, + 16HC1 

= 8H,0 + 5Fe,01, + 2K01 + 2Mn01,. 

15—2 
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25. Find the formula of a substance containing hydro- 
gen 0*84 per cent, tin 74*06 per cent., and oxygen 25*1 per 
cent. 

26. 4 grams of tin are heated with 200 c.c. of hydrogen 
stdphide at 10° 0. and 740 m.m. How much does the tin 
increase in mass ? 

Sn + H,S = SnS + H^. 

27. Find the formula of a substance containing nitro- 
gen 7*63 per cent., hydrogen 2*17 per cent., chlorine 5803 
per cent., and tin 32*16 per cent. 

28. A circular sheet of card-board 1 m. across is covered 
on one side with a sheet of t^-foil (A 7*3) 0*02 m.m. thick. 
By how many grams does the cardboard increase in mass ? 
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CHAPTER XXXV. 
Lead. Pb = 207. 

1. Find the number of pounds of sheet lead, one square 
foot of which weighs 5 lbs., on a roof which is 36 feet 9 inches 
long and 16 feet 8 inches wide. 

2. How much litharge can be obtained from 40*5 kilos, 
of lead, and what volume of oxygen is absorbed in the process? 

Pb + O = PbO. 

3. Find the percentage of lead in (a) Anglesite PbSO^, 
and (/3) Cerussite PbOOg. 

4. What volume of oxygen is absorbed in converting 
37*1 kilos, of lead into litharge ? 

Pb + = PbO. 

5. 21*94 grams of litharge gave 20*37 grams of lead, 
what is the atomic weight of the metal 1 

PbO=Pb + 0. 

6. How many shot 1 m.m. in diameter can be made 
from 1 000 000 grams of lead (A 11 -46) ? 

7. 100 grams of lead (All '45) are melted with 300 grams 
of tin (A 7*3). If the volume remains unchanged, what i» 
the density of the alloy 1 
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8. How much lead dioxide can be obtained from 20 
grams of lead nitrate ? 

Pb2N0, + OaOa, + HO = 2HC1 + Oa2NO, + PbO.. 

9 8 8 B 8 

9. Find the percentage composition of lead chromate 
(PbOrOJ. 

10. 5 grams of lead chloride gave 5*16 grams of silver 
chloride, find the atomic weight of lead. • 

PbOl, + 2AgN03 = Pb2N0, + 2 AgOL 

11. How much lead acetate can be made fron^ 6*69 kilos, 
of litharge t 

PbO + 2H0,H3O, + 2H,0 = Pb (0,H3OJ,3H.O. 

12. Find the percentage of lead in crystallized lead 
acetate (Pb (O.HgOJ.SH^O). 

1 3. How much pyroligneous acid containing 40 per cent, 
of hydrogen acetate is required to form a kilogram of lead 
acetate) 

PbO + 2H0,H3O, + 2H3O = Pb (0,H30,), 3H,0. 

14. Berzelius found that 100 grams of litharge contain 
7*1724 grams of oxygen. Find the atomic weight of lead. 

PbO = Pb + O. 



15. If a lead wire -^ inch in diameter will just carry 
20 lbs., how many kilos, will a wire 1 m.m. in radius carry 1 

16. 100 grams of lead nitrate are heated, what volume 
of nitrogen tetroxide at 150° 0. and 730 m.m. is evolved % 

Pb2N03 = PbO + O + 2NO3. 

17. Water from a leaden cistern 3 by 2 by 1 metre 
gave on evaporation with hydrogen sulphate 113 grams of 
lead Bidphate (PbSO^). Find the percentage of lead in the 
water. 
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18. 100 grams of white lead boiled with dilute hydro- 
gen nitrate gave 6 litres of carbon dioxide at 15^0. Find 
the percentage of lead carbonate, lead hydrate and impuri- 
ties in the white lead. 

PbH,0,2PbC03 + 6HNO3 = 3Pb2N03 + 4H,0 + 200,. 

19. Find the formula of a substance containing carbon 
7*96 per cent, hydrogen 0*99 per cent., oxygen 10*61 per 
cent, lead 68*66 per cent., and chlorine 11*79 per cent 

20. 100 grams of lead fluoride are heated with hydro- 
gen sulphate, what volume of hydrogen fluoride at 70® 0. 
and 700 m.nL is given off? 

PbF. + H^SO^ = PbSO, + 2HF. 

21. 1000 grams of lead nitrate are heated, how much 
litharge is left, and what volume of nitrogen tetroxide at 
^0® 0. is given off? 

Pb2N03 = PbO + O + 2N0,. 

22. According to Dumas 100 grams of red-lead when 
heated give 2*4 grams of oxygen. Find the formula of red- 
lead. 

(PbO). (PbO.). = (PbO).,. + 0.. 

23. Find the formula of Oassel yellow which contains 
lead 90*05 per cent., chlorine 3*86 per cent, and oxygen 
6*09 per cent 

24. According to Stas 100 parts of lead form 159*9703 
parts of lead nitrate; what is the atomic weight of the 
metal? 
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CHAPTER XXXVI. 
OoPFEB. Ou = 63*3. 

1. 1'3305 grams of copper when heated in oxygen gave 

1*6675 grams of cuprio oxide, find the atomic weight of 

copper. 

0u + O = 0uO. 

2. What volume of hydrogen sulphate (A 1 *84) and mass 
of copper are required to yield 30 litres of sulphur dioxide ? 

Ou + 2H,S0, = OuSO, + 2H,0 + SO,. 

3. Ohlorine is passed over 100 grams of copper, how 
much cupric chloride is formed ? 

0u + 01,= 0uCl,. 

4. How much blue vitriol can be obtaioed from 1000 
kilograms of cupric oxide ? 

OuO + H,SO, + 4H,0 = OuSO,5H,0. 

5. How many grains of cupric oxide are formed on 
heating 10 lb& of copper in air ? 

Ou + O = OuO. 

6. The vapour of cuprous chloride is 6*93 times as 
heavy as air, find its double-density referred to hydrogen. 

7.. 10 litres of air are passed over heated copper, how 
much cupric oxide is formed ? 

Ou + O = OuO. 
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8. Find the percentage composition of crystallized cupric 
sulphate (OuSO^ . 5H,0). 

9. 10 litres of hydrogen at 30® 0. are passed over hot 
cnpric oxide, how much copper is set free and what volume 
of steam at 300"" 0. is formed ? 

OuO + H,= Cu+H,0. 

10. A substance contains copper 57*5 per cent., carbon 
5*4 per cent., hydrogen 0*9 per cent., and oxygen 36*2 per 
cent.; find its formula. 

11. How many kilograms of hydrogen sulphate must 
be heated with copper to give 300 kilograms of sulphur 
dioxide, and how much crystallized copper sulphate can be 
obtained from the solution 1 

Ou + 2H,S0, + 3H,0 = OuSO,5H,0 + SO,. 

12. 99 grams of copper are dissolved in hydrogen nitrate, 
what volume of nitric oxide at 39® C. is formed ? 

30u + 8HNO3 = 3CU2NO3 + 4H,0 + 2N0. 

13. A spiral of copper wire is heated by electricity in 
a litre of air at 15®0., how much cupric oxide is formed ? 

Ou + O = OuO. 

14. A current of electricity is passed through acidulated 
water and through an acidulated solution of cupric sulphate. 
While 246 c.c. of hydrogen measured over water at 15® 0. 
and 750 m.m. are evolved, how much copper precipitates ? 

H,0 = H, + 0. 
OuSO, 4. H,0 = Ou + H,S0, + O. 

15. 3 grams of cuprous hydride are dissolved in hydro- 
gen chloride, what volume of hydrogen at 100® 0. and 746 
m.m. is evolved ? 

Ou,H, + 2H01 = Ou,01, + 2H,. 
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16. 4*16 grams of cuprous hydride when dissolved in 
hydrogen chloride gave 1-722 litres of hydrogen at 14" 0. 
and 672 m.m. Find the atomic weight of copper. 

Cu^H, + 2H01 = Ou^Ol, + 2H^ 

17. 7*68 grams of cupric oxide, when heated in hydro- 
gen, left 6*13 grams of the metal. Find the atomic weight 

of copper. 

CuO + H^ = H^O + Ou. 

18. 2 grams of cuprous hydride, when dissolved in 
hydrogen chloride gave 723 c.c. of hydrogen at 10^0. Find 
the atomic weight of copper. 

Ou^H, + 2H01 = Ou^Ol. + 2H,. 



19. 40 grams of copper are boiled with hydrogen sul- 
phate ; what volume of sulphur dioxide at 100° 0. is given off? 

Cu + 2H^S04 = OuSO, + 2H,0 + SO,. 

20. 50 grams of copper are dissolved in hydrogen nitrate, 
what volume of nitric oxide at 200° C. is evolved ? 

30u + 8HN0, = 30u2NO, + 4H,0 + 2N0. 

21. What volume of hydrogen sulphide at 30° 0. and 
800 m.m. is required to precipitate the copper from a solu- 
tion of 100 grams of crystallized cupric sulphate ? 

OuS0^5H,0 + H,S = OuS + H,SO, + 5H,0. 

22. 05965 gram of cupric sulphate was dissolved in 
water and mixed with hydrogen sulphite and potassium sul- 
phocyanide. The cuprous sulphocyanide weighed 0*2983 
gram. What is the percentage of copper in the sulphate 1 

20uSO,5H,O + 2K0NS == 2HKS0, + lOH.O + Ou,0,N,S,. 
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CHAPTER XXXVII. 
Mercury. Hg = 200. 

1. Mercury- VAPOUR is 6-976 times as heavy as air, find 
its double-density referred to hydrogen. 

2. 100 volumes of mercury at 0®0. (A 13-596) become 
102 volumes at 110^0. Find the density of the metal at 
the higher temperature. 

3. What volume of sulphur dioxide is formed on roast- 
ing 8000 grams of cinnabar 1 

HgS + 0. = Hg + SO,. 

4. 59-19 grams of mercuric oxide when heated in hy- 
drogen left 54-8 grams of mercury. Find the atomic weight 

of the metal. 

HgO + H, = H,0 + Hg. 

5. 1000 c.c. of mercury at 0° 0. (A 13-596) are cooled 
to — 40® 0. ; what is the volume of the solid mercury 
(A 14-39) 1 

6. Find the percentage composition of turpeth-mineral 
(HgSO,.2HgO). 

7. Find the percentage composition of mercuric hydro- 
nitrate (HgHNOJ. 

8. Find the percentage composition of mercuric iodide 
(Hgl.). 
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9. 20 grains of sodium amalgam, wben placed in water, 
gave 6'236 litres of hydrogen at 3*^ 0. and 480 m.m. Find 
the percentage of sodium in the amalgam. 

Na + H,0 = HNaO + H. 

10. A kilogram of mercury at 100° 0. was mixed with 
a kilogram of water at 10" 0., and the temperature of the. 
mixture was found to be 13° 0. What is the specific heat 
of mercury ? 

1 1 . An iron bottle contains 70 lbs. of mercury (A 1 3'56), 
what is its capacity in litres ? 

12. Find the formula of cadmium amalgam containing 
mercury 78*26 per cent., and cadmium 21*74 per cent. 

13. 100 C.C. of mercury (A 13*56) are warmed with 

hydrogen nitrate, what volume of nitric oxide at 26*0. is 

evolved ? 

3Hg + 8HNO3 = 3Hg2N03 + 4H,0 + 2N0. 

14. What volume of mercury (A 13*5) and mass of 

mercuric chloride are required to form 3 kilos, of mercurous 

chloride ? 

Hg + Hg01. = Hg,Cl.. 

15. The coefficient of expansion of mercury for 1°0. is 
-^■^jjy of its volume at 0° 0. The density of mercury at 0° 0. 
is 13*596, what is the density of the metal at 15'' ? 



16. What volume of cyanogen at 150° 0. is given off on 
heating 100 grams of mercuric cyanide ? 

HgO.N. = Hg + C.N.. 

17. 70 grams of mercuric oxide are heated, what volume 
of oxygen at 20° 0. and 740 m.m. is given off f 

HgO=:Hg+0. 
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18. Excess of mercury is heated in 10 litres of air at 
14** 0., how much mercuric oxide is formed? 

Hg + = HgO. 

19. What volume of hydrogen sulphide at 10° C. and 
780 m.m. is required to precipitate the mercury from a solu- 
tion of 126 grams of merciuic cyanide 1 

HgC^N, + H,S = HgS + 2HCN. 

20. How many grams do 500 c.c. of the vapour of 
mercuric chloride (HgClg) at 350° C. weigh 1 

21. A glass bulb weighing 430 grains, when Glled with 
mercury at 0" C. weighs 1510 grains. It is placed in hot oil, 
and after cooling to 0°C. weighs 1490 grains. If the coeffi- 
cient of apparent expansion of mercury in glass be ^^77, at 
what temperature Centigrade was the oil 1 

22. 15 grams of mercury are found to unite with 1'2 
grams of oxygen to form mercuric oxide, the molecule of 
which is believed to consist of one atom of mercury united 
with one atom of oxygen. One litre of mercury vapour 
reduced by calculation to 0°0. and 760 m.m. is found to 
weigh 8 '923 grams. What can be deduced from these data 
about the atomic and molecular weights of mercury 1 

23. The vapour of mercurous chloride is 8*21 times as 
heavy as air, what is its apparent molecular weight ? 

24. One volume of tia (A 7*3) combines without change 
of volume with two volumes of mercury (A 13 '56). Find 
the percentage composition and density of the alloy. 

25. What column of mercury at 15° C. produces a pres- 
sure equal to that of a column of water of 273 m.m. at 
20° 0. 1 
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CHAPTER XXXVIII. 
Silver. Ag = 108. 

1. A ORAM of silver (A 10*5) can be drawn into a wire 
2600 metres in lengtL Find the diameter of the wire. 

2. Find the symbol of Proustite which contains silver 
65*45 per cent., sulphur 19*39 per cent., and arsenic 15*16 
per cent. 

3. Mint silver is an alloy of 7*5 per cent, of copper 
(A 8*9) with 92*5 per cent, of silver (A 10*5), and its density 
is found to be 10*2. What would be the density of the 
alloy if no change of volume took place, and what do 100 
volumes of the two metals occupy after the fusion ? 

4. How many pounds does a sheet of silver (A 10*5) a 
yard long, a foot wide, and an inch thick weigh ? 

5. A grain of silver (A 10*5) can be drawn into a wire 
400 feet long, what is the radius of the wire in millimetres ) 

6. A shilling weighs 87*27 grains of which 80*727 are 
silver. How many shillings can be made from a ton of 
silver and how many grains do they weigh ? 

7. 10 grams of silver are heated in sulphur vapour, how 
much silver sulphide is formed 1 

2Ag + S = Ag,S. . 
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8. A gram of silver chloride, when reduced by hydro- 
gen, left 0*7526 gram of the metal. What is the atomic 

weight of silver ? 

AgCl 4- H = HOI + Ag. 

9. Find the percentage composition of silver nitrate 
(AgNO.). 

10. 100 grams of silver combine with 32-86 grams of 
chlorine. What is the atomic weight of silver 1 

Ag + 01 = AgOl. 

1 1. How much silver nitrate can be made from 50 grams 
of silver 1 

6Ag + 8HNO3 = 6AgN03 + ^H,^ + 2N0. 

12. An alloy of equal masses of silver (A 10*5) and of 
bismuth (A 9*8) is found to have the density 10*709. If no 
change of volume took place what would the density of the 
alloy be? 

13. Melted silver dissolves 22 times its volume of 
oxygen at 0° 0., what volume of oxygen at 13® 0. would be 
given off from a kilogram of silver (A 10 '5) on cooling] 

14. How many litres of air (containing 20 per cent, by 
volume of available oxygen) are required to cupel a ton of 
argentiferous lead containing 320 ozs. of silver ] 

Pb + = PbO. 



15. 105*3 c.c. of hydrogen precipitate 1*01 grams of 
silver from solution. What is the atomic weight of silver 1 

AgC.H30, + H = HC.H,0. + Ag. 

16. What volume of oxygen at 30°0. can be obtained 
by heating 10 grams of argentic oxide 1 

Ag,0 = 2 Ag + O. 
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17. What volume of oxygen at 21° C. and 740 m.m. is 
given off on throwing one gram of silver dioxide into a solu- 
tion of hydrogen dioxide ? 

Ag,0, + 2H,0, = 2 Ag + 2H,0 + 20,. 

18. A kilogram of silver (A 10*512) was found when 
cold to occlude 174 c.c. of oxygen, what is the percentage of 
oxygen by mass and by volume ? 

19. 100 grams of silver are dissolved in hydrogen 
nitrate, what volume of nitric oxide at 30° C. and 800 m.m. 
is given off? 

6Ag + 8HNO3 = 6 AgN03 + iBfi + 2N0. 

20. Find the percentage composition of sHver oxyfluo- 
ride (Ag^HFO). 

21. 2 grams of silver dioxide, when heated, give off 
what volume of oxygen at 110° C 1 

22. According to Levol an alloy of 71*9 per cent, silver 
and 28*1 per cent, copper does not separate on cooling. 
Find its formula. 

23. 100 grams of silver chloride absorb 17 grams of 
ammonia, find a formula for the compound, and calculate 
from the formula how much chloride is united with 17 grams 
of ammonia. 

24. 10 grams of silver monoxide are exposed to sun- 
shine, what volume of oxygen measured over water at 15° 0. 
and 740 m.m. is evolved; the water column in the tube 
being 217 m.m. ? 

Ag,0 = 2Ag + O. 
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CHAPTER XXXIX 
Gold. Au= 196-6. 

1. A SHEET of gold-leaf (A 19-3) 0-0001 m.in. thick 
weighs one gram, what is its area in square centimetres ) 

2. A wire of gold (A 19-3) 3 kilometres in length 
weighs one gram, find its radius in millimetres. 

3. A sovereign weighs 1 23-274 grains, of which 113 -001 
are gold. How many sovereigns can be made from a ton of 
gold, and how many grains do they weigh 1 

4. 900 grams of gold (A 19*3) are fused without per- 
manent change of volume with 100 grams of silver (A 10-5). 
What is the density of the alloy 1 

5. A nugget of gold (A 19-3) was found to weigh 1743 
ounces Troy, what was its mass in kilograms and its volume 
in cubic centimetres 1 

6. What volume of oxygen is given off on heating 
4-412 grams of auric oxide? 

Au„0. = 2 Au + 30. 



a^B 



7. What volume of oxygen is obtained on heating 10 
grams of auric oxide 1 



AUjOg = 2Au + 30. 



L. C. A. 
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8. Find the percentage composition of auric chloride 

(Aucg. 

9. 50 grams of auric chloride are heated to 170^ C, how 

much aurous chloride is lefb and what volume of chlorine at 

21'*C. is evolved 1 

Audi, = AuCl + 2CL 

10. A solution of 10 grams of auric chloride is mixed 
with excess of hjjdrogen oxalate, how much gold is precipi- 
tated and what volume of carbon dioxide at 13^0. is given 

offi 

2AuCl, + 3C,H,0, = 2 Au + 6HC1 + 6C0,. 

11. Find the percentage composition of ammonium 
chloraurate (NH^AuCl^ . H.O). 

12. How much aurous bromide can be made from 2 
grams of aurous oxide ? 

Au,0 + 2HBr = H^O + 2AuBr. 

13. How much iron can be converted from ferrous to 
ferric salt by 10 grams of auric chloride ? 

6FeS0^ + 2 AUCI3 = 2Fe,3SO, + Fe^Cl^ + 2Au. 



14. Find the radius of a gold (A 19*3) ball the mass of 
which is equal to that of a silver (A 10*5) ball having a radius 
of 15 centimetres. 

15. The ball at the top of St Paul's is 6 feet in diameter^ 
and covered with gold ^qqq of an inch thick. Find the mass 
of the gold (A 19*3) in kilograms. 

16. Faraday calculated that the gold (A 19*3) in four 
sovereigns, each containing 113*001 grains, could be made 
into a wire long enough to go round the earth (r = 6'37 x 10* 
metres). Find the radius of such a wire. 
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17. Equal masses of gold (A 19*3) and silver (A 10'5) 
are alloyed without change of volume. Find the density of 
a liquid in which the alloy will just float. 

18. Mint gold is composed of 11 parts of gold alloyed 
-with 1 part of copper. Find an approximate formula for 
the alloy, and the percentage of gold in a body having that 
formula. 

19. 0*2 gram of auric oxide is thrown into a solution of 
hydrogen dioxide, what volume of oxygen at 10° C. is evolved? 

Au,03 + 3H,0, = 2Au + SH^O + 30,. 

20. According to Levol, 1000 parts of gold when con- 
verted into chloride and exposed to the action of sulphur 
dioxide, form hydrogen sulphate, which gives 1782 parts of 
barium sulphate. Find the atomic weight of gold. 

2AUOI3 + 3S0, + 6H3O = 2Au 4- 6HC1 + 3H,S0,. 

3H,S0, + 3BaCl, = 6H01 + 3BaS0,. 

21. Prat has described an oxide of gold containing 7*7 
per cent, of oxygen, find its formula. 

22. A substance contains gold 77*22 per cent., oxygen 
9*42 per cent., nitrogen 11 per cent, and hydrogen 2*36 per 
cent. Find its formula. 



16—2 
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CHAPTER XL. 
Platinum. R = 194-9. 

1. Fnn> the percentage composition of (a) potassinin 
KjPta^, 08) ammonium (NHJ.PtCl^ chloroplatinate. 

2. 112*3 grams of platinic chloride are heated^ what 
volume of chlorine at 182° C. is given off 1 

Pt01, = Pt + 40L 

3. Find the percentage composition of the green salt of 
Magnus (N^^PtClJ. 

4. 400 grams of ammonium chloroplatinate are heated, 
how much platinum sponge is left ? 

(NHJ^PtCl, = Pt + 2H01 + 2NH3 + 401. 

5. Find the formula of a substance containing nitrogen 
13*83 per cent., hydrogen 2*96 per cent., platinum 48*13 per 
cent., and chlorine 35*07 per cent. 

6. 100 grams of platinum black unite directly with 
73*5 grams of arsenic. Find a formula for the alloy, and 
calculate how much arsenic is required by the formula. . 
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7. 6*981 grams of potassium chloroplatinate lose, accord- 
ing to Berzelius, 2*024 grams of chlorine 'when heated. Find 
the exact atomic weight of platinum. 

K^PtOl, = 2K01 + Pt + 40L 

8. What volume of chlorine at 30^ C. can be obtained 
from 100 grams of platinic chloride I 

Pt01^ = Pt + 40L 

9. How much platinous chloride is required to give 10 
litres of chlorine at 350"" 0. 9 

Pt01, = Pt+201. 

10. 100 grams of platinum (sp. heat 0*03243) were 
heated in a fiimace and plunged into a vessel of water, 
weighing when reduced to water 976 grams. The tempera- 
ture of the water rose from 10° C. to 15^0., what was the 
temperature of the furnace % 

11. How much does a 100-gram weight of platinum 
(A 21-2) lose in air at 15° 0. 1 

12. How many grains of normal air are displaced by 
(a) the Imperial Standard Pound of Platinum (A2M572), 
and by ()8) the Quartz Standard Pound (A 2*605) 1 
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ANSWERS. 







OHAf^TEK I. 




An approximate 


answer is signified hy ? 


1. 


3000 litres. 




2. 


2'68 lbs. troy. 


3. 


9*812 metres. 




4. 


148 066 600 kiloms. 


6. 


308 986 kiloms. 




6. 


344-43 m. 


7. 


1000 grams. 




8. 


999-999 grams. 


9. 


1836 tons. 




10. 


92 000000milR8? 


11. 


186320". 
61-470. 




12. 


21600 knots. 


13. 


21664 knots? 




14. 


1-217289 X 10*3 cub. 



16. 0*7034 kilos. 

17. 1*02 X 1012 kilos. 
19. 2000-08 grams. 
^. 974-668 O.C. 

23. 3848 grams. 

26. 62 360 000 tonnes. 

27. 1*842 density. 



4-3 X 103* lbs. ? 

16. 6260 kilos. 

18. 1*996 m. 

20. 22776-6 kilos. 

22. 1400 kilos.' 

24. 169*44 tons. 

26. 26700 cub. ft. 



28. 6*47723 grams. 
29. 423*66 kilogram-metres. 30. 0*909 A of turpentine. 

2*296 A of copper sulphate. 
31. 813*6 o.m. 32. 6-6096 m. 



1. 



(i) 


28. 


(fi) 


40. 


(in) 


66. 


(iv) 


60. 


(V) 


loa. 



CHAPTER n. 

2. (i) 67*1 per cent, 

(ii) 40 per cent, 

(iii) 28-6 per cent, 

(iv) 63-6 per cent, 

(v) 47*06 per cent. 



3. 



(i) 


30. 


(ii) 


40. 


(iii) 


160. 


(iy) 


100. 


(▼) 


128. 
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7. 



(i) 


820. 


(a) 


468. 


(iii) 


233. 


(iv) 


831. 


(') 


212-8. 


(i) 


92. 


C«) 


186. 


(iii) 


98. 


(iv) 


284. 


w 


842. 



6. 



8. 
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(i) 


287. 


(ii) 


249*3. 


(iii) 


322. 


(iv) 


280. 


(V) 


223. 


(i) 


122-6. 


(ii) 


382. 


(iii) 


365-6. 


(iv) 


197. 


(V) 


294-2. 



6. 



9. 



(i) 


46. 


P) 


74. 


(iii) 


60. 


fiv) 


126. 


(V) 


140. 


(i) 


422-4. 


(a) 


182. 


(iii) 


248. 


(iv) 


209. 


W 


628. 







CHAPTER m. 

•• 








1. fl) 


46»0. 


2. 


(i) 


720 R. 


8. 


e) 


1680 F. 


(ii) 


85»0. 




(ii) 


120 R. 




(ii) 


168o'F. 


(iii) 


960 0. 




(iii) 


160 R. 




(iii) 


1260 F. 


(iv) 


76»0. 




(iv) 


440 R. 




(iv) 


170 F. 


(V) 


65«0. 




(V) 


240 R. 




(V) 


-250F. 


4. (i) 


7-l» E. 


5. 


(i) 


1410 p. 


6. 


(i) 


97-20 0. 


(ii) 


48-10 B. 




(ii) 


1040 F. 




(ii) 


82-20 0. 


(iii) 


60-4»B. 




(iii) 


1580 F. 




(iii) 


45-500. 


(iv) 


79-l» B. 




(iv) 


230 F. 




(iv) 


- 17-7« 0. 


(V) 


- 27-5» B. 

• 




(V) 


-340F. 




(V) 


- 34-40 C. 


7. (i) 


1189-40 F. 


8. 


(i) 


356-660 C. 


9. 


(i) 


2790. 


(ii) 


13280 F. 




(ii) 


37-780 C. 




(ii) 


3530. 


(iii) 


15800 F. 




(iii) 


239-4400. 




(iii) 


2320. 


(iv) 


1783-40 F. 




(iv) 


1914-450 0. 


( 


(iv) 


2590. 


(V) 


18320 F. 




(V) 


1616-110 C. 




(V) 


1730. 


10. (i) 


29410. 


] 


LI. (i 


L) 270 C. 


21-60 R. 


80-60?. 


Oi) 


2530. 




(u) 1270 c. 


101 -60 R. 


260-60 F. 


(iii) 


3130. 




(iii) 2270 c. 


181-60 a 


440-60 F. 


(iT) 


1384-10. 














(') 


234-670. 
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12. 420 F.= 6*60 C.=:4-40R. 

- 320 F. = _ 35.50 0. = - 28-40 R. 

8270 R. = 408-760 0. = 767-760 F. 

- 20 R. = - 2-60 0. = 27-60 F. 

780 0. = 62-40 B. = 172-40 F. 

- 1720 0. = - 137-40 R. = - 277-60 F. 



CHAPTER IV. 

1. 1142-86 0.0. 2. 1388*6 c.o. 

8. 82-64 0.0. 4. 1181-Si 0.0. 

6. 268-14 0.0. 6. 100-03 Ut. 

7. 1097-660.0. 8. 791-6 0.0. 

9. 183-63 Ht.? 10. 62-47 0.0. 
11. 140-2600. 12. 1600 0.0. 

18. 800 0.0. 14. 142-029 ao. 

16. 760 0.0. 16. 800 0.0. 

17. 1111 0.0. 18. 1000 0.0. 

19. 661-057 0.0. 20. 1333-S 0.0. 
21. 213 Ht. 22. 1096-609 0.0. 
23. 266 -80 G. 24. 902 m.m. 

26. 46890 G. 26. 1230-47 0.0. 

27. 1000 0.0. 28. 209-1 lit. 
29. 894-610.0. 30. 69-92 0.0. 
81. 1896-604 0.0. 82. 10 0.0. 



CHAPTER V. 

OxrasN. 

Aruwers followed by ! are obtained by using 22-32 litreB as two 
volumes, and -00367 as the coefficient of expansion of a gas. ? after 
answers means nearly. 

1. 19*69 grams. 2. 14 litres. 

8. 408-3 grams. 4. (a) 1-716 lit. (/3) 2*674 Ut. 

6. 64 grams. 6. 116*61 grams. 

7. 20*4 grams. 8. 6*186 litres. 
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9. 490 grams chlorate. 
192 grams oxygen ? 
11. 590-287 Ht. 

18. 14-93 Ut. 
15. 8-29 Hi. 
17. 92-7 c.a 

19. 14 litres normaL 
16-146 Ut. 

21. 269-6 cc. 
28. 0=16-959? 
25. 150-1 0.0 1 



10. 255-4 grams. 

12. 17*78 grams oxygen. 

145-018 grams dioxide. 

14. 177-67 grams chlorate. 

16. 27-406 Ht. 

18. 1-177 Ht. 

20. 253-68 0.0. 

22. 17-85 grams 1 

24. 1-221 Ut! 

26. 0-716 gram I 



CHAPTER VI. 
Htdboobn. 



1. 34-8558 Ut. 

8. 132-1 Ut. 

5. 101-74 grams. 
7. (o) 731-9 0.0. 

(/S) 678-55 ao, 

(7) 597-85 0.0. 

9. 39-1515 grains. 
11. 42-19 Ut. 

18. 3-7935 grams. 

15. 2929-09 lbs. hydrogen. 
42284-3 lbs. air. 

16. 199*6 O.C. 

18. (a) 29-38 O.C.! 

(/S) 19-19 0.0.! 

(7) 15-27 0.0.! 
22. 26-5 atmos. ! 
24. (a) 0-089568 gram. (/3) 

Mean. 0-0896559 gram. 



2. 50-3675 grams. 
4. 14-93 Ut. 
6. (a) 1054-9 0.0. 
{0) 1366-3 O.C. 
(7) 2098-5 0.0. 
8. 2-856 grams. 
10. 0-0265 grain. 
12. 333-18 0.0. 
14. (a) 2-74 per cent. 
(/9) 5-88 per cent. 
(7) 17*64 per cent 
17. 230-1 grams ! 

19. 26*92 Ut.! 

20. 75-17 lbs. per 1000 cub. ft. ! 

21. 0-0695 gram ! 
23. 13*44 kilos! 

0-0895917 gram. (7) 0*090086 gram. 



ANSWERS. 
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OHAPTEB Vn. 



1. 12*4 lit. hydrogen. 

6*2 lit. oxygen, 
3. 261-205 Ht. 
5. 182*44 grams. 
7. (o) 974-5 0.0. 
08) 1082-2 0.0. 
9. 34-9 oub. feet? 
11. nil. 
13. 2-546 Ht. 
15. 1087 0.0. > 
17. 0-296. 

19. 206-9592 m. long. 
24*9986 m. broad. 
18-288 m. deep. 
21. 8. 

23. 121 kilos. 
25. 1 000 427 0.0. 
27. 2-72 oub. ft. sat. 
(2-476 Bankine). 
33*82 oub. ft. unsat. 
29. (i) 62-93 grams, 
(ii) 57-6 grams, 
(iii) 45 -91 grams, 
(iv) 14*51 grams. 
31. 479-3 times. 

83. 3*402 lit. ! 



Wateb. 

2. -0000896. 

4. 67-132 Ut. 

6. 6*48 Ut. ? 

8. 3-694 X 10^0 kilos. 

10. 21781-2 grams at 26*40 G. 

12. 0*494 gram. 

14. 304-3 lit. 

16. 258 600 onb. met. 

18. 2612 times ? 

20. 136-2 Ut 



22. 12-5. 
24. 6-53 0.0. 

26. 88-897 per cent, oxygen. 
11*102 per oent. hydrogen. 

28. 54-67 lit. 
30. 202-3 ao. 



32. 4-17 vols, dioxide. 
95-83 vols, water. 
34. 14-3 per oent. ! 



1. 125 grams, 
3. 3*5 Ut. 



OHAPTEB Vni. 

NlTBOGEN. 

2. 209-2 lit. 
4. 40*96 Ut. 
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5. 


5 per cent, hydrogen. 
35 per cent, nitrogen. 
60 per cent, oxygen. 


6. 


6*& Utres. 


7. 


67-2 Ht. 


8. 


296-4 Ihs. . 


9. 


2-353 Ht. 


10. 


6-18 Ut. 


11. 


42*38 grams. 


12. 


142-85 grams. 


13. 


23-55 CO. 
0-0294 gram. 


14. 


23*93 Ut 


15. 


626*6 CO. sulphate. 


16. 


(a) 196 '43 grams? 




494-1 CO. nitrate. 




09) 339*28 grams. 


17. 


17-7 Ut. 


18. 


0-3234 grams. 


19. 


2-106 grams. 


20. 


4*668 Utres. 


21. 


10*472 Ut. 


22. 


76-51 at 27» 0. 
45-3 at 1800 C. 



23. (a) Nitrogen 21*37 per cent. 

Oxygen 24*43 per cent. 24. 4*37 Ut. 

Chlorine 54*2 per cent. 
(/3) Nitrogen 17*17 per cent. 
Oxygen 39*26 per cent. 
Chlorine 43*55 per cent. 
25. 2-41 Ut. 26. 1-12 Ut. dioxide 

2-24 Ut. nitrogen. 
27. 55*47 Ut. 28. 11-79 Ut. nitrogen. 

17*69 Ut. dioxide. 
29. AgNO. 30. 6*13 Ut. 

31. 97*08 Ut. 32. 1-76 kilos. 

33. 131-77 Ut 34. 14*5 cc nitrogen. 

8*25 cc. oxygen. 
85. 2*818 grams. 36. 14-8 per cent? 

604*25 cc. hydrogen. 
37. 28-73 Ut! 38. 100-01 Ut 

39. 86*72 Ut! 40. 12-7232 grams ! 

10*367 Ut. ! 
41. 9*175 grams ! 42. Nitrogen 2*58 per cent 

MercTiry 73*95 per cent. 
Iodine 23*47 per cent. 
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OHAPTEB IX. 
Thb Atmosphere. 



1, 53-6 CO. 
3. 598-4311 Mlos. 
5. 78*15 tons. 
7. 181-4 0.0. 
9* 15*82 0.0. nitrogen, 
21*64 0.0. hydrogen. 
11. 764*59 lbs. air. 

179-668 lbs. oxygen. 
13. 54-091 kilom. radius. 

15. 1066-6 Ut. 
17. 5*46 grams. 
19. 2*0246 grams. 

21. Oxygen 23 per oent. by mass, 20-72 per oent. by vol. 
Nitrogen 77 per oent, by mass, 79*28 per cent, by vol. 

22. 21*368 grams? 23. 101*18 tons? 
24. 29*739 grams! 25. 1*422 o.m. I 
26. 199*7 tons. 27. 590*97 m.m. 

28. Nitrogen 79*1 per oent. ! 2168 m. 
Oxygen 19*27 per cent. 1 

Carbon dioxide 1-629 per oent. I 

29. 133*6 0.0.! 30. 18*6<'C. 70*32 grams. 



2. 1586*6 0.0. 
4. 0*2682 grams. 
6. 1563 328 600 cab. m. 
8. 219*3 Ht. 
10. (a) 27260 grams. 
(/3) 10*31 tons. 
(7) 96*333 feet. 
12. 89*7 kilos. 
14. 4*4384 grams. 
19*067 Htres. 
16. 0-31 grams. 
18. 92-333 litres. 
20. 666 grams. 









OHAPTEK X. 










Gabbon. 


1. 


2 CO. 






2. (a) 28*66 cubic feet 
(i8) 2117*8 lbs.? 


3. 


1111-1. 






4. 32*3. 


5. 


116*46 grams. 




6. ' 126*66 grams. 


7. 


4*766 lit. 


dioxide. 




8. (a) 80 lit. 




2*547 grams carbon. 


(/3) 60*9 lit. 


9. 


20 0.0. oxygen. 




10. 20 o.c. monoxide. 










36 0.0. oxygen. 


1. 


11*513 gi 


ams. 




12. COS. 
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13. 
15. 

17. 
19. 
21. 
23. 



13-06 Kt. 
9-739 lit. 

43*105 grams. 

81*558 grams. 

5 892 000 kilos. 

255*30 C. 

162-2 grams carbon to 

melt ice. 
232*29 grams of car- 



14. 16-47 Ht. 

16. 31-2 lbs. dioxide. 

13*4 lbs. water. 
18. - 83*70 C. 
20. 4*468 grams. 
22. 1648*32 metres. 

24. 2*507 ozs. carbonate. 
4*47 ozs. tartrate. • 

25. 1*301 Ut. 

26. 7*14 grams. 

27. 15*62 Ut. 



28. 

29. 
31. 

33. 



bon to heat mercury. 
Carbon (o) 75, 03) 86-71, (7) 92-3. 
Hydrogen (o) 25, (/S) 14-29, (7) 7*7. 
59*946 grams. 30. 100 c.c. 

50 c.c. dio2dde. 32. (a) 1*16 grams. 

25 C.C. oxygen. (/3) 1*25 grams. 

Potassium 60*06 per cent. 34. 46*43 grams. 
Carbon 18*43 per cent. 35. 69*8 c.c. 





Nitrogen 21*5 per cent. 36. 


48*75 grams. 


37. 


3*168 grams. 38. 


3*4125 grams. 


39. 


45*05 Ut. 40. 


28*5 per cent, water. 


41. 


20 Ut. I 42. 


379*95 grams 1 


43. 


102*2 1 44. 


C7H10O4 methyl, citraconate. 


45. 


110*9 1 46. 


42*9! 


47. 


153*4. 48. 


11*31 grams ! 


49. 


22-5 ! 50. 


CH,0. 


51. 


CgHja. 52. 


^vr^uPz- 


53. 


CjOsH^O hydrogen oxalate. 


54. CQH14O0 mannite. 


55. 


• GjB/)^ hydrogen benzoate. 


56. CiaH^N^Oj gelatin. 


57. 


CgHjoN^Oj theine. 58. 


C5H4N4O3 hydrogen urate. 


59. 


Carbon 39*08 per cent. 60. 
Hydrogen 2*18 per cent. 
Nitrogen 15*23 per cent. 
Oxygen 43*51 per cent. 
CeH^NaOj. 


C7HQO, hydrogen benzoate. 


61. 


CJH5HSO4 ethyl and hydrogen sulphate. 62. C5H7N. 


63. 


Carbon 34*02 per cent. 
Hydrogen 6*19 per cent. 
Iodine 59*87 per cent. 


lodohexane C^H^L 
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CHAPTER XI. 
Chlorine. 



1. 56 Ut. 

3. 396*5 at. 

5. 0*891 grams. 

7. 201-57 Ht. 

9. 1603 grams. 

11. 316 O.C. 

13. 304-2 lbs. 

15. 71-3 Ut. 

17. 742-8 Ut. 

19. 43-76 Ut. 

21. 59-5 for ClaO,. 
67-5 for C1^04. 

22. 124-4 grams. 

23. 8*088 grams. 
25. 236 Ut.! 

27. 176-65 Ut. ! 

29. 3-7S4Ut. ! 

31. 396-5 Ut.! 

33. 4.444 Ut.! 

35. 93*4 per oent. I 

37. 15*12 Ut.! 



2. 

4. 

6. 

8. 
10. 
12. 
14. 
16. 

18. 

20. 



146*25 grams. 

136*81 grams. 

75*7 lbs. 

62*4 grams. 

5*762 per cent, real add. 

47*87 Ut 

134*3 Ut. 

22*4 Ut. oxygen. 

168*6 grams perohlorate. 

99*31 kilos. 



24. 
26. 
28. 
30. 
32. 
34. 
36. 
38. 



Calcium 27*97 
Chlorine 49*66 
Oxygen 22-37 
Hydrogen 
6*2 grams. 
2-594 Ut. ! 
6*28 Ut. chlorine?! 
777*7 C.C. ! 
102*3 cc. ! 
1*841 Ut. ! 
50*19 per cent. I 
32*71 grams ! 



(/3) 
31*5 

55*9 
12-6 



(7) 
32-97 

3901 

26-37 

1-65 



CHAPTER Xn. 
Bbomine. 



1. 492-9 cab. m. 
3. 0-00717 gram. 
5. 47*06 per cent, bromine. 

52-94 per oent. water. 
7. 3*57 grams. 

9. 0*4599 grams. 



2. 333-3 cc. 
4. 360 cm. 
6. 14*9 grams ? 

8. (a) 645-1 grams bromide. 
(/3) 181-02 grams bromate. 
10. 2-478 Ut. 
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11. 10*338 lit. 12. 748*15 grams. 

13. 57*44 per cent, silyer. 14. 2*106 lit. 

42*55 per cent, bromine. 

15. 80*84. 16. 220 CO. 

17. 0*004624 gram ! 18. 20*81 grams. 

19. 4*017 grams phosphorus. 20. Br =80*036. 

11*9 O.C. bromine, 21. 1*996 m.m. 



CHAPTER Xni. 

loDDng. 

1. 380*67 Mlos. 2. 993*6. 

3. 251*6. 4. 672 CO. 

5. (a) 0*04465 gram. 6. 1*86 lit. 

(/3) 0-04465 gram. 
7. 877*09 grams. 8. 37*787 grams iodine. 

1*874 y, phosphorus. 
20*082 „ iodide 

(«) iP) (a) OS) 

9. Iodine 76*05 69*4. 10. Hydrogen 0*57 0*52. 

Oxygen 23*95 30*6. Iodine 72-2 66*14. 

Oxygen 27*23 33*34. 

11. 52*47 Ut.* 12. 2*3017 Ht. 

13. 40*62 grams phosphorus 1 14. 53*17 grams ! 

499*1 grams iodine I 

15. 0*259 gram? 16. 2*378 grams iodine. 

17. Carbon 3*046 per cent. 2*978 grams bromine. 

Hydrogen 0*254 per cent. 1*032 grams chlorine. 
Iodine 96*7 per cent. 



CHAPTER XIV. 
Fluorine. 

1. 51*3 grams? 2. 174*36 grams. 

3. 4*62 lit. 4. 60 grams silica. 

288 grams fluosilioate. 
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(«) 
5. 18*96. 6. Galoiam 51*28 per cent. 

7. 19*002. Flnorine 48*72 per cent. 

8. 13*69 Ut. (jS) 

9. 28*71 lit. Sodium 32*85 per cent. 

10. 0*281 gram. Almninimn 12*85 per cent. 

Fluorine 54*3 per cent. 

11. 7*86 grams I 12. 42*48 Ht. ! 

18. 19*6 1 14. Ans. 11 is doubled. 

Ans. 12 is halved. 



OHAPTEB XV. 

SuiiPHTJB. 
(«) 

1. Lead 86*6 per cent. 2. (a) Cu Fe S,. 

Sulphur 13*4 per cent. O^) Ca SO4. 

03) 3. (a) 487*8 dm cubed. 

Zinc 67 per cent. (/3) 511 dm cubed ? 

Sulphur 33 per cent. 4. 5*6 lit. 

6. 14 Ut. 6. 6*72 lit. 

7. 6*72 Ut. 8. 14*285 grams. 
9. 11*04 tonnes. 10. 313*7 grams. 

(a) (/3) 

11. Hydrogen 2*39 2*04 per cent. 12. 1302 tonnes. 

Sulphur 39*02 32*65 per cent. 13. 2*828 Ut. 

Oxygen 58*59 65*31 per cent. 14. 2*5194 Ut. 

16. 71*7 Ut. 16. 1*184 grams. 

17. 49. 18. 26*97 grams. 
19. 3062*5 grams sulphate. 20. 15*54 Ut. 

989*06 grams copper. 
21. 26*51 grams. 22. 28*76 lit. 

23. A room of 538*2 cub. fa. or 8*135 m. each way. 

24. 10*82 Ut. 25. 32*0004. 

26. 64. 27. Hj^SsO^ Nordhausen hydrogen 

28. 296*47 Ut. sulphate. 

29. 1-63 tons. 30. 24*15 grams. 
81. 54*422 tons. 32. 98*1515. 

L. 0. A. 17 
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83. 


459*375 kilos. 




34. 


887*68 Ht. 


85. 


600*7 grams. 




36. 


5*204 Ht. 


87. 


368*48 grams. 




88. 


13*63 grams. 
(«) 


89. 


Potassinm 44*9 per cent. 


40. 


Iron 20*16 per cent. 




Snlphnr 18*37 per 


cent. 




Sulphur 11*51 per cent. 




Oxygen 36*73 per 


cent. 




Oxygen 23*02 per cent. 




(ft 






Water 46*32 per cent. 




Sodium 32*39 per 


cent. 




03) 




Sulphur 22*54 per 


cent. 




Potassium 8*26 per cent 




Oxygen 45*07 per 


cent. 




Aluminium 6*69 per cent. 


41. 


392*85 grams. 






Sulphur 13*5 per cent. 


42. 


9*704 lit. 






Oxygen 27 per cent. 


43. 


6*99 lit. solphnr 


vapour 


• 


Water 46*66 per cent. 




9*32 lit. steam. 




44. 


2*94 Ht. 


45. 


7*18 Ht. 




46. 


2*64 Ht 


47. 


86*67 Ut. 




48. 


0*867 gram. 


49. 


2*613 kilos. 




50. 


5*214 Ht 


51. 


Sodium 18*54 pez 


cent. 


52. 


44*318 Ht. 




Sulphur 25*81 per cent. 


63. 


3338*6 Ht ! 




Oxygen 19*36 per cent. 


54. 


2*219 Ht ! 




Water 36*29 per 


cent. 




» 


55. 


1*177 I 




56. 


9*71 grams ! 


57. 


1170 Ht. ! 




58. 


11*23 Ht ! 


59. 


17*626 Ut. ! 




60. 


28*165 Ht. I 


61. 


18*91 lit. I 




62. 


12*495 C.C. I 


63. 


11*77 Ht. ! ? 




64. 


33*728 grams I ? 


65. 


(;12*1 kilos, pyrites. 








2165 cub. m. air 


! 








478*6 cub. m. steam ! 







1. (o) BjO.. 
(/3) SiO.. 

3. 117*5. 

4. 441*6 Ht 



CHAPTER XVL 



BOBON. 



2. Sodium 12*04 per cent. 
Boron 11*52 per cent 
Oxygen 29*32 per cent- 
Water 47*12 per cent. 
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6. 4-72 Ut. 6. 6-57 Ut. 

7. 613 lit 8. HjB^Oj at 1000 0. 
9. Boron 601 per cent. HjE^Oy at 160® 0. 

Chlorine 77*59 per cent. 10. 18-11 lit. ! 

Nitrogen 7*65 per cent. 11. 8*388 grams I 

Oxygen 8*74 per cent. 12. 3NH,.2BCl3. 
13. 21*03 lit. ! 



CHAPTER XVn. 
Silicon. 

1. 15*13 grams. 2. Barium 49*11 per cent. 

3. 1*75 grams. Silicon 10*04 per cent. 

4. Zinc 58*56 per cent. Tlnorine 40*85 per cent. 
Silicon 12*61 per cent. 6. 3*9i Ut, 

Oxygen 28*83 per cent. 6. 1*36 grams. 

7. 28*86 Ut. 8. 224 Ut. monoxide. 

9. 30*6 grams snlphide. 850 grams tetrachloride. 

7*8^ Ut. dioxide. 10. 5*374 grams. 

11. Magnesium 19*05 per cent. 12. MgCaSi^O^. 

SiUcon 29*63 per cent. 13. 1387*55 grams. 

Oxygen 46*56 per cent. 14. CaSiO,. 

Water 4*76 per cent. 15. Al^SiOg . 5H80. 

16. 54*46 Ut.! 17. 4*84 grams! 

18. (CaO)2(Na20) (Al203)3(Si02)9(HsO)g. 

19. FeMggCa^SisOss. 20. 3*65 grams! 
21. 171*5 for SiCl^. 22. 27*22 Ut ! 

104 for SiF^. 23. 4*39 grams ! 

24. MgaSijOg . HjO. 25. (AlaOglsCSiOj),?,. 

26. (Na30)(CaO)8(AL,0,)4(Si02)j(HjO)9. 

27. (|TeMg]0)4(Ala03)4(8iOa)ioH20. 

28. [KaCaNa2]0[AIj;PeJ08 . 63i02. 

29. 27*85 if Ag = 108 and CI =35*5. 

30. Silicon 17*07 per cent. 
Oxygen 29*27 per cent. 
Carbon 43*9 per cent. 
Hydrogen 9*7^ per cent. 

17—2 
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CHAPTER XVm. 
Phosphobus. 



1. l-SeidloB. 2. 

3. 21-24 kiloB. 4. 

5. 57-49 gramB. 6. 

7. 31-1. 8. 

9. 18*1606 tons. 10. 

11. 21. 12. 

13. 20*46 grams. 14. 

15. 304*5 MloB. 16. 

17. (a) 71*11 gramB. 18. 
(/3) 47*4 grams. 
(7) 23*7 grams. 

19. 5677*67 grams. 20. 

21. Silver 77*33 per cent. 
Phosphoms 7*4 peroent. 
Oxygen 15*27 per cent. 

22. Magnesium 21*62 per cent. 
PhoBphoros 27*93 per oent. 
Oxygen 50*45 per cent. 

23. Sodium 12*85 per cent. 24. 
Hydrogen 0*28 per oent. 
Phosphoros 8*66 per oent. 
Oxygen 17*87 per cent. 
Water 60*33 per cent. 



140 grams. 
2*784 lbs. 
85-6 Ut. 
6*83 grams, 
127*6. 

25*92 grams. 
1068*4 Ut. 
3173*6 kUos. 
(a) 180*76 grams. 
(/3) 71*7 grams. 

Caj^PaOg* 
03) 



(7) 



71*28 per cent. 57*76 per oent. 
10*26 per oent. 16-68 per oent. 
18-48 per oent. 26*66 per oent. 



25. 5*395 lit. 

27. 16*18 grams. 

29. PjH. 

31. 153. 

83. 84*2. 

85. 180*64 Ut. 

87. 82*65 grams. 

89. 1684*84 0.0. 

41. PjOgCV 



26. 

28. 
30. 
32. 
34. 
36. 
38. 
40. 
42. 



Sodium 11*00 per cent. 

Nitrogen 6*7 per cent. 

Hydrogen 2*39 per cent. 

Phosphorus 14-89 per cent. 

Oxygen 30-62 per cent. 

Water 34*4 per cent. 

42*68 grams hypophosphite; 

3*61 Ut. phosphine. 

13*2 grams. 

31. 

368. CO. oxygen. 

137? 

4*929 Ut. 

2*42 Ut. 

604-31 grams. 

42-33 lit. I 
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43. 8-678 Ui! 
46. H4Pa07or 
H10P4O15 or 



HiyPyOag. 



44. 8-425 Ut.! 

46. 113-9 Ut. I 

47. 169-3 Ut. I 

48. 958 19 grams. 

49. Sodium 29-36 per cent W. ([MgFe]0)e(P20B)B(Ala08)5(HjO)8. 

Phosphorus 26-38 per cent. 51. 287 '25 lit. I 

Oxygen 44-26 per cent. 52. 5*309 grams ! 

63. 1-11 Ut.! 54. 141-4 Ut.l? 

65. 949 CO. I 56. 9-17 Ut.?! 

67. (a) 28-49 Ut. ! 58. 11-88 Ut. ! 

iP) 26-26 U1^ ! 59. 17-485 Utres I 

(7) 26-77 Ut. ! 60. 4-563 Utres ! 

61. 50500 C. 62. 1026'20G. 



CHAPTER XIX. 



Absenio. 



1. 12-19 grams ? 

8. Silver 65-45 per cent. 
Arsenic 15-15 per cent. 
Sulphur 19*4 per cent. 

6. 124 grams orpiment. 
16-97 Ut. dioxide. 

7. 9-6969 lit. 

9. 166*16 grains. 
11. 13-97 grams. 

18. Copper 33-8 per cent. 

Hydrogen 0-53 per cent. 

Arsenic 40-05 per cent. 

Oxygen 25*62 per cent. 
18. Copper 24*99 per cent. 

Arsenic 44*42 per cent. 

Carbon 4*74 per cent. 

Hydrogen 0*59 per cent 

Oxygen 25-26 per cent. 

(«) 03) 

21. Arsenic 70-1 61 

Sulphur 29-9 39 



2. 4*708 grams. 
4. 542 0.0. 



6. 9*4413 grains. 

8. 0.2276 grams. 

10. 399. 

12. 8*705 grams. 

14. 8*482 grams. 

16. 230 0.0. 

16. 0*627 Ut.! 

17. 733*5 C.C. ! 

19. 36*3 Ut.! 

20. 8*24 grams ! 



(7) 
48*4 per cent. 
51*6 per cent. 



22. 74-91. 
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CHAPTEK yjL. 




Antzmont Ain> Bismuth. 


1. 


728*6 kiloB ? 2. 134 gramg. 


3. 


(a) 17-24 0.0. 4. 9*935. 




08) 14-71 0.0. 6. 146-25 gramfl. 




(7) 10-1 0.0. 6. 9-007 lit. 


7. 


0-667 gramfl. 8. Sb - 120-009. 


9. 


20 Ht. 10. 104-1 grams. 


11. 


607-20 F. 211-20 R. 




(«) 05) (7) (S) 


12. 


Bismuth 92*93 89-74 86-8 84 per cent. 




Oxygen 7-07 10-26 13-2 16 per cent. 


18. 


2-606 lit 14. 9-664. 


16. 


9-0879. 16. (a) 8. (/3) 11-3. (7)26. 


17. 


46-6 Ht. 18. 2-88 lit. ! 


19. 


1064-6 Ut.! 20. 59-016 grams! 


21. 


46-428 grams I 22. 469-9 c.c. 



(S) 41 grams. 



23. Bismuth 42-98 per cent. 24. Carbon 14-6 per cent. 

Nitrogen 8*68 per cent. Hydrogen 1-2 per cent. 

Oxygen 29-74 per cent. Potassium 11*8 per cent. 

Water 18*6 per pent. Antimony 36*1 per cent. 

Oxygen 33-7 per cent. 

26. 207-996. Water 2*7 per cent. 

CHAPTER XXI. 

Thb General Pbopebties of the Metals and Allots. 

1. (a) 5-18 0.0. gold. 2. (a) 4*66 c.c. platinum. 

iP) 8-77 0.0. lead. {p) 9-52 c.c. silver. 

(7) 102-7 CO. sodium. (7) 57-48 c.c. magnesium. 

8. 318-36 m. 4. 0*000127 m.m. 

6. 981-6 kilos. 6. 281-6 o.c. 

7. 58. Sid, 8. 18-32 cm. 

9. 974-28 grams. 10. 6400*3 tons? 
11. 44-45 tons. 12. 387-2 kilos. 
13. 46-048 m. 14. 68 93 cm. 

3-17(2. per foot. 
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15. 


79*248 grams. 


16. 


0-4223 grams. 


17. 


100 kilos, copper. 


18. 


27901-7 times. 




12 kilos, tin. 


19. 


5*3324 cm. 


30. 


4 m.m. for iron. 


21. 


3*76 m.m. 




3*266 m.m. for nickel. 


22. 


2*08 cm. 




2*89 m.m. for cobalt. 






23. 


0*000154 gram. 


24. 


32 617 728 tons. 


25. 


25529 tons. 


26. 


8-7. 


37. 


7*24. 


28. 


35 volmnes. 
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CHAPTER XXII. 
Potassium. 



1. 3*602 grams. 2. 

(«) ifi) (y) 

3. H 1*78 K 38*68 K 31*9 

E69-7 N 13-85 CI 28-95 

28-62 47-47 3915. 

5. 25*39. 6. 

7. (a) 1231*7 grams carbonate. 
(/3) 659*5 grams hydrate. 

9. 1463-1 kilos nitrate. 10. 

11. 76 Ut. 12. 

18. KOIO4. 14. 
15. 0*27 grams. 16. 
17. 10*68 grams evolyed. 18. 

118*4 0.0. oxygen. 

473*6 CO. nitrogen tetrozide. 

19. 6*55 atmospheres. 20. 

^1. 5*126 Ut. 22. 

28. 1*609 Ut.! 24. 

25. Potassium 14*06 per cent. 

Almninimn 9*71 per cent. 

SiUcon 30-2 per cent. 

Oiygen 40*01 per cent. 



(a) 1-427 Ut. for KjO. 
(/5) 2-864 Ut. for KjO,. 
(7) 4-281 Ut. for KjOg. 
(d) 5-708 Ut. for KjO^. 

4. 229-166 Ut. 
135-6 o.c. 

8. 17*2788 grams. 

2-475 Ut. 

1-0656 Ut. 

12-66 Ut. 

K^. 

Potassium 35*52 per cent. 

SiUcon 12-72 per cent. 

Fluorine 51*76 per cent. 

(a) 33*16 Utres at (fi C. 

03) 154-62 Utres at 100^ 0. 

6-02 Ut. ! 

41*18 Ut. ! 
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4N8WER8. 



1. Sodium 
Carbon 
Oxygen 
Water 

8. 84-25 Hi. 



5. 488*96 grams. 



7. Na=28. 



2. 9*7 grams. 



CHAPTER XXm. 
Sodium. 

(a) OS) 

43*4 16-08 per cent. 

11*32 4-19 per cent. 

45-28 16*78 per oeni 

62-93 per cent. 

4. 8-68 kilos, sodimn. 

12*698 cab. met. dioxide. 
6. Sodiom 39*82 per cent. 
Chlorine 60*68 per oeni 
8. 1*325 klLos. carbonate. 
0*925 kilo. lime. 
453 kilos. ? 
95*74 per cent. 



10. 
12. 



9. 411*9 lbs. 
11. 121*8 grams snlphate. 
38-29 lit. chloride. 

18. 44 *1 per cent, snlphate. 
55-9 per cent, water. 

15. 54*98 grams sulphide. 

66*56 lit. monoxide. 
17. 2519-9 kilos, crystals. 

965*217 kUos. hydrochloric acid. 

19. 2*714 cm. 20. 0*625. 
21. (a) 4*16 per cent. 

(p) 1*85 per cent. 



14. 1*86 Ut. 

16. 1213-6 kaos. salt cake. 
882-9 c. met. chloride. 
18. 1-076 Ht. 



28. 1000 lit.! 



22. 82-03 per cent, potassium. 

18-88 per cent, sodimn. 

49-14 pert)ent. CO,. 
24. (a) 494 c.c. ! 

03) 988 0.0. ! 



CHAPTER XXIV. 

AMuommc. 

1. 1^401. 2. 4072*365 grams. 

3. 6*788 Ht. 4. 1758-9 grams. 

5. Nitrogen 42*42 per cent. 6. 487*3 c.c. of each gas. 

Hydrogen 9-09 per cent. 

Oxygen 48*48 per cent. 



• 
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7. Nitrogen 35*9 per cent. 8. 70*36 lit. nitric oxide. 

Hydrogen 7*7 per cent. 109*277 lit. hydrogen. 

Garbon 15*4 per cent. 9. NH^HS. 

Oxygen 41 per cent. 

10. Nitrogen 22*04 per cent. 11. 26*791 grams. 

Hydrogen 7 *09 per cent. 12. 3 '63 pints. 

Carbon 14*17 per cent. 

Oxygen 56*69 per cent. 

13. Nitrogen 3*09 per cent. 14. 19*51 grams metapbosphate. 

Hydrogen *88 per cent. 4*522 lit. ammonia. 

Alnmininm 5*96 per cent. 44*99 lit. steam. 

Sulphur 14*14 per cent. 15. 23*97 grams ! 

Oxygen 28 '26 per cent. 16. 432*4 lit. ! 

Water 47*66 per cent. 

17. 289*2 lit. ! 18. 8615 Ut. ! 

19. 20*685 lit. I 20. 2*9755 Ht. ! 

21. 557-25 grams water. 22. 14*08. 

941*42 grams chloride. 



CHAPTER XXV. 

Calcium. 

1. 560 CO. 2. 1814 371 grams. 

3. 560 grams. 4. 1321*4 grams. 

6. (a) 40. (^3) 23*26. 6. 2*017 Mlos. 
(7) 51*28. (5) 17*09. 

7. 7*502 X lO^*^ grams. 8. 602-7 cub. met. 
9. 1*155 X 108 litres. 10. CaCO,. 

11. 2*486 Ht. 12. 470154 Ht. 

13. 13*6 grams. 14. 94*94 grams. 

15. Ca82P04. 16. CaC304.HaO. 

17. 189*94 Ht. chlorine. 18. 0*6 gram. 

685*04 grams dioxide. 

19. 26*45 C.C. 20. 97*3 grams. 

21. :cx 0*01586 grams? 22. 2473*3 grams? 

23. 9*497 Htres. 24. 42*45 Mlos. 

25. 1*88 gram carbon dioxide. 26. 0*0397 per cent, by voL 
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CHAPTER XXVL 

Stbontium and Babium. 

(«) 03) (7) (5) 

1. Sr 69-34 Sr 47*71 Ba 69-64 Ba 68-8 percent. 
C 8-13 S 17-43 6-09 S 13-73 per cent. 
O 32-53 O 34-86 24-36 27-47 per cent. 

2. 0*1806 cm. 3. 0-0467. 4. 489-6 grams. 

6. 686-2 grams. 6. 639*6 c.c. 

7. 8-336 grams. 8. 1*728 grams? 
9. 69*63 per cent. 10. 31*623 lit. 

11. 0*22088 cub. m. ? 12. 0*2962 gram. 

13. 2*686 grams. 14. 0*04016 gram. 

16. 16*147 lit. 16. 186*066 grams. 

17. 24*77 grams chloride. 18. 0*723 gram. 
2*274 lit. dioxide. 

19. 3*263 grams. 20. 8*47 lit. 

21. 9-48 Ht. 22. 1-062 lit. 

23. 6-27 grams barinm. 24. Sr=87-6? 
0-336 gram calcium. 

CHAPTBB XXVn. 

Aluminium. 

1. (a) 12-86 grams. 2. 267 grams. 

(/3) 6-696 grams. 

3. 6*72 Ut. 4. 6-2 lit. 

6. 24-77 grams. • 6. 32*84 lit.? 

7. 1*4 lit. 8. 11*26 grams. 

9. 46-9 alumina. 10. 4271 171*7 grams. 

64*1 silica. 
11. 4*944 Ht. 12. 6*897 grams. 

13. [FeMgJOITeaAlJOj. 14. Aluminium 14*06 per cent 

Sodium 11*98 per cent. 
Chlorine 73*96 per cent. 
15. Aluminium 45 per cent. 16. 13*8 grams. 
Oxygen 40 per cent. 17. 92*96 kilos. 
Water 16 per cent. 18. 269*6. 
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19. 13-69 Ht.! 20. 66-94 grams ! 

21. 7-16. 22. 7-0137 Ht. ! 

23. AlgNagSi^SaOay. 24. 27'? I 

26. 16-66 Ht.? I 26. 02971 cc. ! 

27. 4-472 Ht.! 28. ([FeMg]0)2(Al20j)9(Si02)4a(H20)2a. 



CHAPTER XXYin. 

Magnesium. 

1. (a) 286*71 grams. 2. 6*112 yards. 

(/3) 97-66 grams. 
3. 1*86 Ht. 4. 9-3 Ht. 

5. 30-69 grams. 6. 10-6 Ht. 

7. 2-92 Ht. 8. 42-17 kilos. 

9. Magnesimn 21 62 per cent. 10. Magnesimn 14*46 per oent. 
Phosphorus 27'93 per cent. Silicon 26*3 per cent. 

Oxygen 60-46 per cent. Oxygen 38-55 per cent. 

Water 21*69 per cent. 
11. Magnesium 13*04 per cent. 12. Magnesium 26*09 per cent. 
Calcium 21*74 per cent. SiHcon 20*29 per cent. 

Carbon 13-04 per cent. Oxygen 40*58 per cent. 

Oxygen 62*18 per cent. Water 13*04 per cent. 

13. 2*9285 kilos. 14. (a) 4*74 grams sodium carbonate. 

266*6 Ht. (/3) 4*48 grams calcium carbonate. 

(7) 3*76 grams magnesium carbonate. 

16. 74*6 Ht. 16. 3*54. 

17. 2*83. 18. 76 per cent, calcium carbonate. 

25 per cent, magnesium carbonate. 
19. 24*006. 20. 1213. 

21. 201 cc. i 22. 201 lit. ! 

23. 16*18 Ht.! 24. 198*6 cc. ! 



CHAPTER XXIX. 

ZiNO AND Cadmium. 

1. (o) Zinc 67*01 per cent. 2. 411-60 C. 

Sulphur 32-99 per cent. 1040^ C. 
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(j8) Zino 52 per cent. 
Carbon 9*6 per cent. 
Oxygen 38*4 per cent. 

6. 6*892 Ht. 6. 

7. 188 grams. 8. 
9. 120*2 lbs. 10. 

11. 82*2«C. 116*6*0. 8600 0. 



18. 112*6 -OdOlj. 
15^ 184*2 C.C. 1 
17. 22*24 grams ! 

19. £71=32*41 

21. 10*79 grams I 



14. 
16. 
18. 
20. 

22. 



3. Zn,Si04.H20. 

4. 1246*13 grams. 
826*17 Ht. 

Oadmimn 77*7 per cent. 
Snlphnr 22*2 per cent. 
397*95 lbs. 
1657*38 oub. met. 

12. 307*14 grams. 
20 litres. 
289*1 grams ! 
Zn8080i4 . 6H2O. 

Onj^Znig. 
161*8 lit. ! 
261 seconds ! 
ZnCOaHg)^. 



CHAPTEB XXX. 



Manganbse. 



1. (a) 63*2 per cent. 
ifi) 69*6 per cent. 
8. 8*035. 
5. 25*132 grams. 



2. 

4. 
6. 



7. 44*8 lit.? 8. 

9. 40*5 grams. 10. 

11. Potassium 7*78 per cent. 

Sulphur 12*74 per cent. 

Manganese 10*95 per cent. 

Oxygen 25*49 per cent. 

Water 43*01 per cent. 
13. Manganese 63*22 per cent. 

Sulphur 36*78 per cent. 
15. 43*208 Ut. 16. 

17. 4*76 Ht. 18. 

19. 1*051 gram. 20. 



54*99. 

54*97. 

77*46 grams manganese. 
31*55 Htres monoxide. 
65*22 Ht. 
432*4 lbs. 
12. 207-1 kilos. 



21. 10*645 kilos ! 
23. 29*8 grams? I 



22. 
24. 



14. 1735*6 grams. 

74*67 per cent, dioxide. 

46*3 per cent. 

(i) 3*08609 grams. 

(ii) 3*106 grams. 

42*33 oub. m. 

10 per cent, water I 
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OHAPTEB XXXI. 
Ibon. 



1. 8539 grams. 

3. 864 kilos. 

5. 30-3688 grams. 

7. 78-41 tons. 

9. 786*41 m.m. 

11. 126-93 lit. ? 

13. 62-116 Ut. 



2. 1507 grams. 

4. 6-042 cm. 

6. 2680-95 grams. 

8. 141-78 kilos. 

10. 6*216 tons. 

12. 58*8 grams. 

14. 393-36 Ut. 



16, Potassium 39*41 per oent. 
Iron 28*3 per cent. 
Oxygen 32*29 per cent. 

17. Iron 31*1 per cent. 
Carbon 13*3 per cent. 

• Oxygen 35*5 per cent. 
Water 20 per cent. 
19, 6678 onb. met. 



16. 90 tons. 



18. Iron 41*79 per cent. 

Carbon 8*96 per cent. 

Oxygen 35*82 per cent. 

Water 13*43 per cent. 
20. 100*14 tons colcothar. 

111*41 tons acid, 
22, Fej^S04. 



21, 2*6 Ut, 

23, (NHj3Fe2 4S04.14H20. 24. 218026*6 grams. 

26, Iron 46*6 per cent. 26. 7*7 Ut, 
Sulphur 53*3 per cent. 

(«) 0) 

27, Iron 94*92 97*38 per oent. 

Carbon 5*08 2*62 per oent. 

28, Iron 20*16 per cent. 29. 2*946 grams. 
Sulphur 11 *51 per oent. 30. 49 *6 grams. 
Oxygen 23*02 per cent, 31. 2*25 cm. 
Water 45*32 per cent. 

83. fSEefi^, 3H2O. 



86. 16*3 tons. 

87. FegNg. 
89. 6*86 Ut. 
41, 275-65 Ut. 



32. 325. 

34. Iron 56-76 per cent. 
Sulphur 43*25 per oent, 

(a) 08) 

36. Iron 59*32 60 per oent. 

Sulphur 40*68 40 per cent. 

38. 42*6 Ut. 

40. 6*67 grams ? 

42, 132*22 Ut, 
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43. 123-495 Ht. 44. 

45. 2*286 grams. 46. 

47. fe=28-0002. 48. 

49. 0-0531 grams. 50. 

51. 0-8759 grams. 52. 

53. 0-5646 gram. 54. 

55. 0-04198 gram of iron 56. 

in 1 O.C. 
67. 1503-7 Ht. 

59. 70-95 Ut. chloride ! 
17'74 Ut. chlorine ! ? 

60. Carbon comb. 0-627 per cent. 

graph. 0-102 per cent. 
Silicon 0-03 per cent. 
Sulphur 0-006 per cent. 
Manganese 0-12 per cent. 
Iron and loss 99-116 per cent. 

61. Iron 18-89 per cent. ! 
Ferrous oxide 81-11 per cent.! 

63. 679 c.c. hydrogen I 
65. Fe^SgOia. 



27*12 grams. 
FeLj 5H,0. 
1-771 grams. 
29-95 per cent. iron. 
1335 kilos. 
79-7 per cent. iron. 
4-9 grams. 



58. 37-21 tonnes iron ! 



62. FeuOu,. 

64. Fe=56I? 
66. 90-28 Ut. ! 



CHAPTER XXXn. 

Cobalt and Nickel. 



1. CoAsS. 2. 

3. Cobalt 20-99 per cent. 

Sulphur 11-39 per cent. 4. 

Oxygen 22-77 per cent. 6. 

Water 44-84 per cent. 6. 
7. 3-21 Ut. 8. 

9. 199-56 Ut. 

10. 1247-6 Ut. 

11. Potassium 35-29 per cent. 
Cobalt 17*76 per cent. 
Carbon 21-66 per cent. 
Nitrogen 25-28 per cent. 



Nickel 78-38 per cent. 
Oxygen 21*62 per cent. 
42-706 Ut. 
28-27 grams. 
74-48 grams. 
Nickel 11-82 per cent. 
Potassium 31-89 per cent. 
Nitrogen 17-13 per cent. 
Oxygen 39*15 per cent. 

12. 4-52 C.C. 

13. 42-91 Ut. 

14. 1-617 Ut. • 
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16. FeiaNi^Pj. 

17. Cobalt 22-73 per cent. 
Chlorine 41*04 per cent. 
Nitrogen 26*97 per cent. 
Hydrogen 6*78 per cent. 
Water 3*47 per cent. 

21. 86*72 per cent, cobalt. 



16. (NHj)aNiS04. 

18. 69*03 ! 

19. 8*6 o.c. 

20. COsAsaOg. 8H,0. 



22. 6*166 inches. 





CHAPTER rrj:m. 




Chbouium. 


1. 


Iron 26 per cent. 




2. 63*99 grams. 




Chromium 46*42 per cent. 






Oxygen 28*68 per cent. 






3. 


Chromium 68*42 per cent. 


4. 62. 




Oxygen 31*68 per cent. 




6. 12*38 grams. 


6. 


61*977. 




7. 13*839 Kt. 


8. 


(a) 6807*7 ft. 




9. 13*13 tons. 




iP) 8172*6 ft. 


10. 


Chromium 62*66 per cent. 




(7) 9662*3 ft. 




Phosphorus 37*36 per cent. 


11. 


111*6 grams chromium. 
78^92 lit. monoxide. 


12. 


CrgOg. 7H2O. 


13. 


340*3 C.C. 


14. 


6-76. 


16. 


Potassium 22*4 per cent. 


» 


16. 7-46 Ut 




Chlorine 20*33 per cent. 




17. 62*4. 




Chromium 29*78 per cent. 






Oxygen 27*49 per cent. 






18. 


131*68 grams sulphide. 


19. 


16*67 grams oxide. 




39*16 lit. dioxide. 




6*02 lit. chlorine. 


20. 


K^CrjOio. 




1*266 lit. oxygen. 


21. 


11*036 lit. 


22. 


EgCrCgO^j* 


23. 


81 grams. 


24. 


126 grams ! ? 


26. 


14*72 grams oxide. 
6*426 lit. oxygen ! 


26. 


13*01 grams ! ? 


27. 


1*373 Ht. 1 


28. 


34*71 Ut. ! 


29. 


371*68 C.C. ! 


80. 


10*11 Ut. I 


81. 


96*9 grams ! 


32. 


933*6 O.C. ! 


83. 


16*32 lit f 


84. 


6*663 Ut. ! 
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CHAPTEB XXXIV, 



1. Tin 78-6 per cent 
Oxygen 31*8 per cent. 

8. 51-67 grams. 
5. 118. 

7. 561-4 Ut. 

9. (a) 259-2a 
iP) 877-08. 

11. 415*82 Ut. 

13. 930*509 grams. 

15. 11*994 Ut. 

16. SnS,. 

17. 1*963 Ut. I 
19. 8*65 Ut.! 
21. 0-01335 cm. 
23. 3-544 Ut. ! 
25. HeSn^Ou. 

27. 2NH4OI . SnOl^. 



Tin. 

2. Gii3FeSnS4. 

4. 8-915. 

6. 118-05. 

8. 6-809 Ut. ? 

10. 23-15 Ut. 

12. 590-77 CO. 

14. Hydrogen 0*84 per oent. 

Tin 74-05 per oent. 

Oxygen 25*1 per oent. 

18. 31*37 Ut. I 

20. NajSnO, . 4HsO. 

22. 0*030578 gram. 

24. 0*0263 gram. 

26. 0-2692 gram 1 

28. 114-668 grams. 



CHAPTEB XXXV. 





Lbad. 




1. 


8062-4 lbs. 


2. 


43*63 kilos Utharge. 
2191*3 Ut. oxygen. 


8. 


(a) 68-31 per oent. 
(/3) 77-52 per oent. 


4. 


2007-34 Ut. 


6. 


207-59. 


6. 


166666666. 


7. 


8-027. 


8. 


14-44 grams. 


9. 


Lead 64-09 per cent. 
Chromimn 16*1 per oent. 
Oxygen 19*81 per oent. 


10. 


207-1. 


11. 


11-37 kilos. 


12. 


54-6 per oent. 


18. 


791*55 grams. 


14. 


207-08. 


15. 


8*1 kilos. 


16. 


21-765 Ut. ! 
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17. 0*0012866 per cent. lead. 

19. PbOlCjHjOa. 

20. 24-85 Ut.l 

21. 678*7 grams. 
179*4 lit. ! 

23. PbgClaOy. 



18. Carbonate 68*05 per cent. 

Hydrate 30*71 per cent. 

ImpnritieB 1*24 per cent. 
22. PbgO^. 

24. 206*77. 



1. 63*17? 



CHAPTER XXXVI. 

GOPPBB. 



3. 212-16 grams. 

5. 5682*3 grams. 

7. 14*797 grams. 

9. 25*46 grams copper. 
18*91 lit. steam. 

10. CuCOg . CuHjOa. 

11. 918*75 kilos, hyd. sulphate. 
1168*6 kilos, copper sulphate? 

13. 1*4027 grams. 14. 0*6567 gram. 

15. 1*4491 Ut. 16. 63*1. 

17. 63*27. 18. 63! 

19. 19*278 Ut. I 20. 20*37 Ut. I 

21. 9*446 Ut. I 22. 25*32 per cent, copper. 



2. 142*7 C.C. sulphate. 

84*77 grams copper. 
4. 3143*7 kilos. 
6. 200*1. 
8. Copper 25*4 per cent. 

Sulphur 12*83 per cent. 

Oxygen 25*67 per cent. 

Water 36*1 per cent. 
12. 26*69 Ut. 



CHAPTER XXXVn. 

Mebottby. 



1. 201*4. 

3. 772*41 Ut. 

5. 944-8 C.C. 

7. Mercury 71*7 per cent. 

Hydrogen 0*36 per cent. 

Nitrogen 5*02 per cent. 

Oxygen 22*92 per cent. 

L. 0. A. 



2. 13*329. 
4. 199*72. 
6. Mercury 82*42 per cent. 

Sulphur 4-39 per cent. 

Oxygen 13*19 per cent. 
8. Mercury 44*05 per cent. 

Iodine 55*95 per cent. 

18 
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9. 40*01 percent. Bodimn. 10. 0*0344. 
11. 2*341 Ut. 12. HgjCd. 

18. 110*89 lit. 14. 94*36 c.o. mercnry. 

1*72 kilo, chloride. 
15. 13*66. 16. 13*73 Ut. I 

17. 3*986 Ht. 1 18. 38*49 grams ! 

19. 11*275 Ut. ! 20. 2*668 grams ! 

21. 1220 G. 22. Atomic weight =200. 

Molecular weight =199*2. 
23. 237. 24. Tin 21*21 per cent. 

26. 20*1 m.m. ? Mercury 78*79 per cent. 

Density 11*47. 



CHAPTEB XXXVin. 

SiLYEB. 

1. 0*000682 cm. diam. 2. AgsS^As. 

3. A10*37 if no change of vol. 4. 163*8 lbs. 

100 vols, become 101*6 vols. 

5. 0*004016 m.m. radius. 6. 194234*94 shiUings. 

Weighing 16950878*7 grains. 

7. 11*4815 grams f 8. 107*99. 

9. Silver 63*53 per cent. 10. 108*03. 

Nitrogen 8 *23 per cent. 11. 78 *7 grams. 

Oxygen 28*23 per cent. 12. 10*138. 

13. 2*195 Ut. 14. 272419 Ut.? 

16. 107*05! 16. 534C.C. I 

17. 190*1 o,c. ! 18. 182*9 per cent, by vol. 

0*02494 per cent, by mass. 
19. 7*26 Ut. ! 20. Silver 85*71 per cent. 

21. 252*6 CO. ! Hydrogen 0*4 per cent. 

22. AggCu^. Fluorine 7*54 per cent. 

Oxygen 6*35 per cent. 

23. 2AgGl. 3NHg. 99 grams chloride. 24. 542 cc I 
7AgGl. lONH,. 100*45 grams chloride 

16AgGl. 23NH3. 99*82 grams chloride 
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CHAPTEB XXXrX. 
Gold. 



1. 


6181 sq. cm. 


2. 


0-0023447 m.m. 


3. 


138769 -83 sovereigns. 
17 106 479-28 grains. 


4. 


17-8. 


5. 


64-2134 kilos. 
2809 C.C. ? 


6. 


336 C.C. 


•7 
• • 


49-349 C.C. 


8. 


Gold 64-89 per c 



9. 38-28 grams. 

3-9793 lit. chlorine. 
11. Nitrogen 3*73 per cent. 

Hydrogen 1*07 per cent. 

Gold 62-48 per cent. 

Chlorine 37*91 per cent. 

Water 4*81 per cent. 
17. 13-6 mercury. 
19. 31-47 CO. 1 
21. AnO? 



Chlorine 36-11 per cent. 
10. 6-408 grams gold. 
2-322 Ut. dioxide. 

12. 2-703 grams. 

13. 6*64 grams. 

14. 12-24 cm. 
16. 2-676 Idlos. 

16. 0-00001098 cm. 

18. AuyCua*, 91-64 per cent. gold. 

20. Au= 196-12. 

22. AU2O84HH3 fulminating gold. 



CHAPTEB XL. 



W 



1. 



Potassinm 16*09 per cent. 
Platinum 40-1 per cent. 
Chlorine 43-81 per cent. 
24-8 Ut. 
3. Nitrogen 9-33 per cent. 
Hydrogen 2 per cent. 



2. 



Platinum. 

(/S) 
Nitrogen 6-3 per cent. 

Hydrogen 1-8 per cent. 

Platinum 43-9 per cent. 

Chlorine 48 per cent. 

4. 176-62 grams. 



6. N^HiaPtCU. 
Platinum 64-97 percent. 6. Pt^Asai; 73*46 grams arsenic 
Chlorine 23-7 per cent. 



7. 197-721. 
9. 62*16 grams I 
11. 0-006782 gram. 



8. 14*71 Ut.! 
10. 16200 C? 
12. (a) 0*42786 grains air. 
(/3) 3*476 grains air. 

18—2 
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TABLE I. 

Atomio Weights. 

The first colnmn of nmnbers contains those given by Piof. F. W. 
Clarke as the most probable values obtained from all the best experi- 
ments. The second colnmn contains the numbers used in this book. 



Alnmininm 


Al. 


27-009 


27 


Antimony 


Sb. 


119-955 


120 


Arsenic 


Ar. 


74-918 


75 


Barium 


Ba. 


136-763 


137 


Beryllium 


Be. 


9-085 




Bismuth 


Bi. 


207-523 


208 


Boron 


B. 


10-941 


11 


Bromine 


Br. 


79-768 


80 


Cadmium 


Cd. 


111-770 


112 


CsBsium 


Cs. 


132-583 




Calcium 


Ca. 


39-990 


40 


Carbon 


C. 


11-9736 


12 


Cerium 


Ce. 


140-424 




Chlorine 


CI. 


36-370 


36-6 


Chromium 


Cr. 


52009 


52 


Cobalt 


Co. 


58-887 


59 


Colninbium (Niobium) 


Nb. 


94? 




Copper 


Cu. 


63-173 


63-3 


Didymium 


D. 


144-573 




Erbium 


E. 


165-891 




Fluorine 


F. 


18-984 


19 


Gallium 


Ga. 


68-854 




Gold 


Au. 


196-155 


196-6 


Hydrogen 


H. 


1-000 


1 


Indium 


Tn. 


113-398 




Iodine 


I. 


126-557 


127 


Iridium 


Ir. 


192-651 




Iron 


Fe. 


55-913 


56 


Lanthanum 


La. 


138-526 




Lead 


Pb. 


206-471 


207 


Lithium 


Li. 


7-0073 


7 


Magnesium 


Mg. 


23-959 


24 


Manganese 


Mn. 


53-906 


55 


Mercury 


Hg. 


199-712 


200 


Molybdenum 


Mo. 


95-527 




Nickel 


Ni. 


57-928 


58 


Nitrogen 


N. 


14-021 


14 


Osmium 


Os. 


198-494 




Oxygen 


0. 


15-9633 


16 



Palladinm 

PhoBphoms 

Platmom 

Potassinm 

Bhodimn 

Enbidinm 

Buthenimu 

Scandium 

Selemam 

Silver 

Siiioon 

Sodium 

Strontinm 

Snlphni 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin 

Titanium 

Txmgsten (Wolfram) 

Uranium 

Vanadium 

Yettrium 

Ytterbium 

Zino 

Zirconium 
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2' 


Pd. 


106-737 


106 


P. 


80-958 


31 


Pt. 


194-416 


194-9 


K. 


39019 


39-1 


Eh. 


104-056 




Eb. 


86-261 




Eu. 


104-217 




So. 


43-980 




Se. 


78-797 


79 


Ag. 


107-676 


108 


Si. 


28-195 


28 


Na. 


22-998 


23 


Sr. 


87-374 


87-6 


S. 


31-984 


32 


Ta. 


182-144 




Te. 


127-960 


128-3 


Tl. 


203-716 




Th. 


233-414 




Sn. 


117-698 


118 


Ti. 


49-846 




W. 


183-610 




U. 


238-482 




V. 


51-256 




Y. 


89-816 




Yt. 


172-761 




Zn. 


64-906 


65 


Zr. 


89-367 





TABLE n. 

Thb Enolibh and Metric Measxtbes. 

Measures of Length. 

1 m.m. =0-0394 inches. 

1 m. = 39-3708 inches = 3*2809 feet = 1-0936 yards. 

1 kilom. =0-6214 mile. 

1 inch =26-4 m.m. 

1 foot = 0-3048 m. 

lyard= 0-9144 m. 

1 miles 1-609 kilom. 

1 knot= 1*866 kilom. 

Measwres of Area, 

1 square metre = 10*7643 sq. ft. = 1*196 sq. yds. 

1 square inch =6*4614 sq. cm. 

1 square foot = 929 sq. o.m. 
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Measures of Volume, 

1 C.C. = 0*061 cub. inch. 

1 lit. = 61-027 cub. inches = 0-03632 cub. ft. = 0-2201 gal. 

1 cub. m. = 36-3166 cub. ft. = 220*0967 gal. 

1 cub. inch =: 16*386 c.c. 

1 cub. foot =28*3153 lit. 

1 gallon = 4*6436 lit. 

Measures of Mass. 

1 gram = 16*432349 grains. 
Ikilo. = 2*2046 lbs. 
1 tonne = 0*9842 ton. 
1 grain = 0*0648 gram. 

1 ounce avoir. = 28*36 grams. 
1 ounce Troy = 31*1036 grams. 
1 pound avoir. = 463*693 grams. 
1 hundredweight = 60*802 kilos. 
Iton =1016*048 kilos. 

1 kilogrammetre= 7*23308 foot-pounds. 
1 foot-pound =0*138264 kilogrammetre. 



TABLE m. 

CONVEBSION OF PbESSUBE IN AtMOSPHEBES. 



Atmo- 


Grams on 


M.m. of 


Inches of 


Lbs. on 


Feet of 


spheres 


sq. cm. 


mercury 


mercury 


sq. inch 


water 


1 


1033*3 


760 


29*922 


14-7 


33*9 


2 


2066*6 


1620 


69*844 


29*4 


67*8 


3 


3099*9 


2280 


89*766 


44*1 


101-7 


4 


4133*2 


3040 


119*687 


68*8 


136-6 


6 


6166-5 


3800 


149*609 


73*6 


169-5 


6 


6199*8 


4660 


179*631 


88*2 


203-4 


7 


7233*1 


6320 


209*463 


102*9 


237-3 


8 


8266*4 


6080 


239*374 


117*6 


271-2 


9 


9299*7 


6840 


269*296 


132*3 


306-1 
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TABLE IV. 










Tension 


OF Aqueous Yapoub in m.m. of Mebcuby. 




toa 


m.m. 


tPC. 


in.in. 


toe. 


in.m. 


toCL 


Atmos. 


-10 


2-08 


16 


13-54 


90 


526-39 


100 


1-0 


-9 


2-26 


17 


14-42 


95 


633-69 


110 


1-4 


-8 


2-46 


18 


15-36 


99 


733-21 


120 


1-96 


-7 


2-67 


19 


16-35 


99-1 


735-86 


130 


2-67 


-6 


2-89 


20 


17-39 


99-2 


738-50 


140 


3-67 


-6 


313 


21 


18-50 


99-3 


741-16 


160 


4-7 


-4 


3-39 


22 


19-66 


99-4 


743-83 


160 


6-1 


-3 


3-66 


23 


20-89 


99-5 


746-50 


170 


7-8 


-2 


3-96 


24 


22-18 


99-6 


749-18 


180 


9-9 


-1 


4-27 


25 


23-56 


99-7 


751-87 


190 


12-4 





4-60 


26 


24-99 


99-8 


754-67 


200 


16-4 


1 


4-94 


27 


26-51 


99-9 


757-28 


210 


18-8 


2 


6-30 


28 


28-10 


100 


760-00 


220 


22-9 


3 


6-69 


29 


29-78 


100-1 


762-73 


230 


27-6 


4 


610 


30 


31-55 


100-2 


766-46 






5 


6-53 


35 


41-83 


100-3 


768-20 






6 


7-00 


40 


54-91 


100-4 


771-95 






7 


7-49 


45 


71-39 


100-5 


773-71 






8 


8-02 


50 


91-98 


100-6 


776-48 






9 


8-67 


55 


117-48 


100-7 


779-26 






10 


9-17 


60 


148-79 


100-8 


782-04 






11 


9-79 


65 


186-94 


100-9 


784-83 






12 


10-46 


70 


233-08 


101 


787-63 






13 


11-16 


75 


288-50 


105 


906-41 






14 


11-91 


80 


354-62 


110 


1075-37 






15 


12-69 

1 


85 


433-00 




* 
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TABLE V. 

Tension of Mebguby-vapoub. 



tPC 


pi.iii. 


toe. 


fW^Tq, 


100 


0-76 


220 


34-70 


110 


1-07 


230 


45-35 


120 


1-63 


240 


58-82 


130 


2-18 


250 


75-76 


140 


306 


260 


96-73 


150 


4-27 


270 


123-01 


160 


6-90 


280 


155-17 


170 


809 


290 


194-46 


180 


11-00 


300 


242-15 


190 


14-84 


310 


299-69 


200 


19-90 


320 


368-73 


210 


26-35 


330 


450-91 



TABLE VL 

CONVEBSION OF OOLUMN OF WaTEB TO COLUMN OF MeBOUBY 
AT THE TEMPEBATUBE OF 15^ G. 



Water 


Mercury 


1 


0-0737 


2 


0-1474 


3 


0-2211 


4 


0-2948 


5 


0-3685 


6 


0-4421 


7 


0-5158 


8 


0-5895 


9 


0-6632 



TABLE Vn. 
Thz Looabithus or 1 + -00867 1. 



1-9493 


18 


120 


1685 


11 
11 
11 
11 
10 
10 
10 
10 
10 
10 
10 
10 
9 
9 


265 


-2869 


1-9669 


125 


1640 


260 


■2910 




17 


130 


1694 


266 


'2960 


1-9838 
■0000 
■0079 
-0167 
■0233 
■0308 
■0381 
■0454 
-0626 
■0595 
■0664 
■0732 
■0799 
■0864 
■0929 
■0993 
■1056 
■1118 
■1179 
■1240 
■1299 
•1368 
■1416 
-1473 
•1620 


16 


136 


1748 


270 


■2991 


16 

le 

IS 


140 
145 
150 


1801 
1853 
1905 


275 
280 

286 


■3030 
■3070 
■3109 


15 


156 


1966 


290 


•3148 


16 


160 


2006 


295 


■3186 


16 


166 


2066 


300 


■3224 


11 


170 


2106 


305 


■3262 


14 


175 


2154 


310 


■3299 


14 


180 


2203 


316 


■3337 


14 


186 


2260 


820 


■3373 


13 


190 


2298 


825 


■3410 


13 


196 


9344 




330 


-3446 


13 


200 


2391 




336 


■3482 


13 


206 


2436 


9 


340 


■3518 


13 


210 


2481 


846 


■3653 


12 


216 


2626 




860 


■3588 


12 


220 


2671 








12 

12 


225 
230 


2614 
2668 


9 
9 


440 


■4174 


12 


236 


2701 


860 


■6187 


11 
11 
11 
11 


240 
246 

250 


2743 
27S6 
2827 


6 
8 

e 


1040 


■6828 
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TABLE Vm. 

Volume and Density of Wateb (Bossetti) fbom the mean op all 

the best exfebiments. 



toe. 


Volume at 40C.=1 





1-000129 


1 


1-000072 


2 


1-000031 


3 


1-000009 


4 


1-000000 


5 


1-000010 


6 


1-000030 


7 


1-000067 


8 . 


1-000114 


9 


1-000176 


10 


1-000253 


11 


1-000346 


12 


1-000451 


13 


1-000670 


14 


1-000701 


16 


1-000841 


16 


1-000999 


17 


1-001160 


18 


1-001348 


19 


1-001542 


20 


1-001744 


21 


1-001957 


22 


1-002177 


23 


1-002405 


24 


1-002641 


25 


1-002888 


26 


1-003144 


27 


1-003408 


28 


1-003682 


29 


1-003965 


30 


1-004253 


40 


1-007695 


50 


1-011941 


60 


1-016919 


70 


1-022556 


80 


1-028869 


90 


1-035675 


100 


1-043130 



True density 


Volume in &c 


grains in 1 cc. 


of 1 gram 


•999884 


1000116 


•999941 


1-000059 


•999982 


1-000018 


1-000004 


•999996 


1-000013 


•999987 


1-000003 


•999997 


-999983 


1-000017 


•999946 


1-000054 


•999899 


1-000101 


•999837 


1-000163 


•999760 


1-000240 


•999668 


1000332 


-999562 


1-000438 


•999443 


1-000657 


•999312 


1-000688 


-999173 


1-000828 


-999015 


1-000986 


•998864 


1-001147 


•998667 


1-001335 


•998473 


1-001529 


•998272 


1-001731 


•998060 


1-001944 


•997839 


1-002164 


•997614 


1-002392 


•997380 


1-002628 


•997133 


1-002875 


•996879 


1-003131 


•996616 


1-003396 


•996344 


1003669 


•996064 


1-003962 


•995778 


1-004240 


•99236 


1-007682 


•98821 


1-011928 


•98339 


1-016906 


•97796 


1-022642 


•97195 


1-028866 


•96557 


1-036662 


•95866 


1-043117 
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TABLE IX. 

Volume and Density of Mebcuby. 



toe. 


Yolume of mercury 
at OOGal 


Denaity or grams 
in Ice. 


G.C. oocapied by 
1 gram 


D. 



4 
5 

10 
15 
20 
30 
40 
50 
60 
70 
80 
90 
100 


1-000000 
1^000716 
1-000896 
1-001792 
1-002691 
1-003690 
1-005393 
1-007201 
1-009013 
1-010831 
1-012655 
1-014482 
1-016315 
1-018153 


13-596 
13-586 
13-584 
13-572 
13-559 
13-547 
13-523 
13-498 
13-474 
13-450 
13-426 
13^401 
13-377 
13^353 


•073551 
•073605 
•073616 
•073681 
•073752 
•073817 
•073948 
•074085 
•074217 
•074349 
•074482 
•074621 
•074755 
•074890 


13 
12 
13 
14 
13 
13 
13 
13 
13 
13 
14 
13 
14 



TABLE X. 

The Densities of Substances; ob the nuhbeb of gbams in 

1 o.c. of the substance. 

N.B. The numbers can only be considered as approximate. 



1. Solid ElemenU : 




Iron, pure 


7-88 


AlTiTnininm 


2-67 


„ wrought 


7-7 


Antimony 


6^7 


„ cast 


7-1 


Arsenic 


5-7 


„ steel 


7^8 


Barium 


4-3 


Lead 


11^4 


Bismuth 


9-8 


Lithium 


0^59 


Boron 


2-7 


Magnesium 


1-74 


Cadmium 


8-7 


Manganese 


8 


Calcium 


1-58 


Mercury at -400C. 


1439 


Carbon, diamond 


3-514 


Nickel 


8-8 


„ graphite 


2-2 


Phosphorus, yellow 


1^837 


„ charcoal 


1-85 


red 


2-34 


Chromium 


5-9 


Platinum 


21-5 


Cobalt 


8-6 


Potassium 


0-87 


Copper 


8-9 


Silicon 


2-65 


Gold 


19-3 


Silver 


10-5 


Iodine 


4-95 


Sodium 


0-97 
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Strontium 

Solphor (octohedral) 
Tin 
Zino 

Brass 
Bronze 

2. ^olid Compounds : 

loe 

Magnesia 

Qnicklime 

Capric oxide 

Sodium chloride 

Ammonium chloride 

Potassium chlorate 

Ck)pper sulphate cryst. 

Potassium nitrate 

Ammonia alum 

Silver nitrate 

Potassium dichromate 

Mercuric chloride 

Lead chromate 

Bealgar 

Mercuric sulphide 

Potassium iodide 

White lead 

Bock crystal 

Agate 

Sand 

Litharge 

Minium 

Hematite 

Tinstone 

Alumina (Emery) 

Galena 

Zino blende 

Stibnite 

Marble 

Iceland spar 

Dolomite 

Magnesite 

Witherite 

Strontianite 

Gfypsum 

Celestine 

Heavy spar 

Fluor spar 

Malachite 



2-64 
2-06 
7-3 
7 

7-8— 8-4 
8-4 



0-91674 
3-19 

2 

4 

06 

52 

32 

27 



3 
6 
2 
1 
2 
2 



6 

6' 

3- 



207 
1-63 
4-36 
2-6 
•42 
•1 
•65 
8-13 
3 

6-73 
2-65 
2-58 
1-42 
7-9 
8-95 
6^075 
6-95 
3-9 
•4 
•92 
•6 
•7 
•76 
2-92 
3-04 
4-3 
3-6 
2-3 
39 
459 
3 2 
3-6 



7' 
3- 
4' 
2- 
2' 



Steatite 

Serpentine 

Pumice-stone 

Granite 

Slate 

Chalk 

Clay 

Anthracite 

Coal 

Cane sugar 

Amber 

Ivory 

Ebony 

Oak 

Box 

Ash 

Berlin porcelain 

Green glass 

Flint glass 

Crown glass 

3. Liquids: 

Water (Table VIH.) 
Mercxiry (Table IX.) 
Bromine 
Water, sea- 
Hydrogen sulphate 
Hydrogen nitrate (70 

per cent.) 
Hydrogen chloride 

(40*8 per cent.) 
Ammonia (33*6 p. c.) 
Ethyl Alcohol, pure 

„ proof spirit 
Ether 

Amyl alcohol 
Benzene 
Chloroform 
Carbon disulphide 
Turpentine 
Glycerin 
Olive oil 
Milk (cow) 
Blood (human) 

4. Gases : 

Hydrogen 
Air 



2-8 
2-6 
23 
2-7 
286 
2? 
1-92 
1-6 
1-33 
1-6 
1-1 
1-92 
1-19 
•69— -99 
0-96 
0^763 
23 
2-64 
3— 3-6 
2-5 



1-000013 
13-696 
3-00 
1-026 
1-86 
1-42 

12 

©•89 

0-791 

0-916 

0-716 

0-818 

0-86 

1-5 

1-28 

0-87 

1-26 

0-916 

103 

1-066 



•0000896 
-0012932 
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TABLE XI. 



Useful Constants. 

Circnmferenoe of a oirde if D = 1 ^t) 

An arc eqaal in length to the radius in degrees (radian) 

Length of seconds-pendolnm at London in metres 
Length of seconds-pendulum at London in inches 
Value of g. at London in metres per second 
Value of g. at Paris in metres per second 
Value of g. at London in feet per second 

Mean radius of the Earth in metres 

Equatorial radius of the Earth in feet 

Polar radius of the Earth in feet 

Mean density of the Earth 

Mass of the Earth in tons 

Mean distance of the Moon (60*3 x radius of earth) in 

miles 
Mean distance of the Sun in miles 

Normal height of the barometer in m.m. (Table m.) 
Volume in litres of the molecular weight of a gas in 

grams 
Double-density of air (mass of 22*32 litres) 
Mass of a litre of normal hydrogen in grams (orith) 
Mass of a litre of normal air in grams 
Percentage of oxygen in air by mass 
Percentage of oxygen in air by volume 

Mass of a litre of water at 49 C. in grams 
Mass of a cubic foot of water at 4®C. in lbs. 
Volume of a pound of water in cubic feet 

A * horse power * in foot-pounds per second 

A * force de cheval ' in kilogram-metres per second 

Velocity of sound in air at 0^ C. in metres per second 
Velocity of light in air in metres per second 
Velocity of ^e molecules of normal hydrogen in m. 
per sec. 

Wave length of the (mean) D line in m.m. 

Specific heat of copper 
Specific heat of iron 
Specific heat of mercury 



3-1416 
57*2968 

0*99413 
39*1393 

9*8117 

9*8094 
32*19 

6*3703x108 
2*092 X 107 
2*085 X 107 
5*67 

6x10^1 

238900 

91520000 

760 
22*32 

28*872 
0*0896 
1*2932 

23*18 

20*9 

1000*013 
62*425 
0*01602 

550 

75 

332*4 

3*004 X 108 

1844 



5-892 X 10-* 

0*096 
0*114 
0033 
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Specific heat of silver 
Specific heat of platinmn Q^C- 
Latent heat of water 
Latent heat of steam 



-10000 0. 



Mechanical equivalent of the unit of heat (kilog-met.) 
Mechanical equivalent of the unit of heat (foot-pounds) 

Coefficient of linear expansion of brass 

Coefficient of linear expansion of iron 

Coefficient of linear expansion of platinum 

Coefficient of cubical expansion of mercury 0^ C. to 100^ C. 

Coefficient of cubical expansion of white soda glass 

Coefficient of cubical expansion of hard French glass 



0066 
00373 
79-25 
636 

425-464 
776-6 

•000019 

•0000122 

•000009 

•000182 

•0000268 

•000022 



_-^- 





• 




1 




• 
















The vharacteimi 


r. 






The characteiS] 


al point. (The minus sign is written above 


the eharal 













1 




6 


7 


8 


9 


12 8 


4 5 6 


7 8 9 


10 


0000 


0043 


0( 


J 7451 


7459 


7466 


7474 


1 2 2 


3 


4 


5 


5 6 7 


11 


0414 


0453 


0^ 


)7628 


7636 


7543 


7551 


12 2 


3 


4 


5 


5 6 7 


12 


0792 


0828 


01 


r 7604 


7612 


7619 


7627 


1 2 2 


3 


4 


5 


5 6 7 


18 


1139 


1173 


IS 


5 7679 


7686 


7694 


7701 


1 1 2 


3 


4 


4 


5 6 7 


14 


1461 


1492 


1^ 


)7752 


7760 


7767 


7774 


1 1 2 


3 


4 


4 


6 6 7 


15 


1761 


179C 


1^ 


$7825 


7832 


7839 


7846 


1 1 2 


3 


T 


4 


6 6 6 


16 


2041 


2068 


2( 


)7896 


7903 


7910 


7917 


1 1 2 


3 


4 


4 


5 6 6 


17 


2304 


2330 


2i 


)7966 


7973 


7980 7987 


1 1 2 


3 


3 


4 


5 6 6 


18 


2553 


2677 


26 


J 8035 


8041 


8048 8055 


1 1 2 


3 


3 


4 


5 5 6 


19 


2788 


2810 


28 


5 8102 


8109 


8116 


8122 


1 1 2 


3 


3 


4 


5 5 6 


20 


3010 


3032 


30 


S8169 


8176 


8182 


8189 


1 1 2 


3 


3 


4 


5 5 6 


21 


3222 


3243 


32 


$8235 


8241 


8248 


8254 


1 1 2 


3 


3 


4 


5 5 6 


22 


3424 


3444 


34 


(8299 


8306 


8312 


8319 


1 1 2 


3 


3 


4 


5 5 6 


28 


9617 


3636 


36 


r 8363 


8370 


8376 


8382 


1 1 2 


3 


3 


4 


4 5 6 


24 


3802 


3820 


38 


)8426 


8432 


8439 


8445 


1 1 2 


2 


3 


4 


4 5 6 


25 


3979 


3997 


40i 


5 8488 


8494 


8600 


8606 


1 1 2 


2 


3 


4 


4 5 6 


26 


4150 


4166 41t 


i 8549 


8555 


8661 


8567 


1 1 2 


2 


3 


4 


4 5 5 


27 


4314 


4330 


43 


(8609 


8615 


8621 


8627 


112 


2 


3 


4 


4 5 5 


28 


4472 


4487 


45 


(8669 


8675 


8681 


8686 


1 1 2 


2 


3 


4 


4 5 5 


29 


4624 


4639 


46 


5 8727 


8733 


8739 


8745 


1 1 2 


2 


3 


4 


4 5 5 


30 


4771 


4786 


48 


)8785 


8791 


8797 


8802 


1 1 2 


T 


3 


3 


4 5 5 


81 


4914 


4928 


49 


r8842 


8848 


8854 


8869 


1 1 2 


2 


3 


3 


4 5 6 


82 


6051 


5065 


50 


(8899 


8904 


8910 


8915 


1 1 2 


2 


3 


3 


4 4 5 


88 


5185 


5198 


52 


^8954 


8960 


8965 


8971 


1 1 2 


2 


3 


3 


4 4 6 


84 


5315 


5328 


53 


19009 


9015 


9020 


9025 


1 1 2 


2 


3 


3 


4 4 5 


85 


5441 


5453 


64 


(9063 


9069 


9074 


9079 


1 1 2 


T 


3 


3 


4 4 5 


86 


5563 


5575 


55 


J 9117 


9122 


9128 


9133 


1 1 2 


2 


3 


3 


4 4 6 


87 


5682 


5694 


57 


3 9170 


9175 


9180 


9186 


1 1 2 


2 


3 


3 


4 4 5 


88 


5798 


5809 


58 


J 9222 


9227 


9232 


9238 


1 1 2 


2 


3 


3 


4 4 5 


89 


5911 


5922 


59 

60 


)9274 


9279 


9284 


9289 


1 1 2 


2 


3 


3 


4 4 6 


40 


6021 


6031 


)9326 


9330 


9336 


9340 


1 1 2 


2 


3 


3 


4 4 6 


41 


6128 


6138 


61 


)9375 


9380 


9385 


9390 


1 1 2 


2 


3 


3 


4 4 6 


42 


6232 


6243 


62 


)9425 


9430 


9435 


9440 


1 1 


2 


2 


3 


3 4 4 


48 


6335 


6345 


63 


J9474 


9479 


9484 


9489 


1 1 


2 


2 


3 


3 4 4 


44 


6435 


6444 


64 


(9523 


9528 


9533 


9538 


1 1 


2 


2 


3 


3 4 4 


45 


6532 


6542 


65 


5 9671 


9576 


9581 


9686 


1 1 


T 


2 


3 


3 4 4 


46 


6628 


6637 


6& 


t9619 


9624 


9628 


9633 


1 1 


2 


2 


3 


3 4 4 


47 


6721 


6730 


67 


L 9666 


9671 


9675 


9680 


1 1 


2 


2 


3 


3 4 4 


48 


6812 


6821 


68 


(9713 


9717 


9722 


9727 


1 1 


2 


2 


3 


3 4 4 


49 


6902 


6911 


69 
70 


t9769 


9763 


9768 


9773 


1 1 


2 


2 


3 


3 4 4 


50 


6990 


6998 


)9805 


9809 


9814 


9818 


1 1 


Y 


2 


3 


3 4 4 


51 


7076 


7084 


70 


>9850 


9854 


9859 


9863 


1 1 


2 


2 


3 


3 4 4 


52 


7160' 


7168 


71 


)9894 


9899 


9903 


9908 


1 1 


2 


2 


3 


3 4 4 


58 


7243' 


7251 


72 


t9939 


9943 


9948 


9952 


1 1 


2 


2 


3 


3 4 4. 


54 


7324' 


7332 


X3 


(9983 


9987 


9991 


9996 


1 1 


2 


2 


3 


3 3 4 
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C/B8AB. THE GALLIC WAR, BOOK L Edited, with Notes 
and Vocabulary, by A. S. Walpole, M. A. \In the press, 
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THE GALLIC WAR, Edited by W. G. Rutherford, 
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CICERO. SELECT LETTERS, Edited by Rev. G. E. Jeans, 
M.A., Fellow of Hertford College, Oxford, and Assistant- 
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MACMILLAN'S EDUCATIONAL CATALOGUE. 



BURIPXDBS. HECUBA. Edited by Rev. John Bond, M. A., 
and A. S. Walpole, M. A. [/« the press, 

G&SCK TBSTAMHNT. Selections. Edited by Rev. G. F. 
Maclear, M.A,^ D.D., Warden of St. Augustine's College, 
Canterbury. \In preparation. 

HBRODOTTJ8. Selectloiui firona Books VII. and VIII. 

THE EXPEDITION OF XERXES. Edited by A. H. 
Cooke, B.A., Fellow of King's College, Cambridge. 

\Ready, 

HOBKBB'S ILIAD. Book XVII L THE ARMS OF ACHIL- 
LES. Edited by S. R. James, M.A., Scholar of Trinity Col- 
lege, Cambridge, and Assistant-l^aster at Eton, [/« the press. 

HOBACB. THE FIRST BOOK OF THE ODES. Edited 
by T. E. Page, M. A., late Fellow of St. JoWs College, Cam- 
bridge, and Assistant-Master at the Charterhouse. \Ready, 

THE SEfOND BOOK OF THE ODES, By the same 
Editor. ' [Ready. 

THE THIRD BOOK OF THE ODES. By the same 
Editor. [Ready. 

THE FOURTH BOOK OF THE ODES. By the same 
Editor. [In preparation. 

SELECT ERODES AND ARS POETICA. Edited 
by Rev. H. A. Dalton, M.A., late Student of Christ 
Church, Oxford. [In preparation. 

SELECTIONS FROM THE EPISTLES . AND 
SATIRES. Edited by Rev. W. J. F. V. Baker, B.A., 
Fellow of St John's College, Cambridge, and Assistant- 
Master at Marlborough. [Ready. 

LIVY. THE HANNIBALIAN WAR. Being part of the 2ist 
and 22nd books of Livy, adapted for the use of beginners. 
By G. C. Macaulay, M.A., Assistant - Master at Rugby, 
formerly Fellow of Trinity College, Cambridge. [Ready^ 

THE LAST TWO KINGS OP MACEDON. SCENES 
FROM THE LAST DECADE OF LIVY, Selected and 
Edited by F. H. Rawlins, M. A., Fellow of King's College, 
Cambridge, and Assistant-Master at Eton. [In preparation. 
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OVIB. SELECTIONS. Editedby E. S. SiiucKBUROH, M.A., 
late Fellow of Emmanuel College, Cambridge, and Assistant- 
Master at Eton. \Rtady, 

PX.ATO. EUTHYPHRO AND MENEXENUS, Edited by 
C. E. Graves, M.A. [Ready, 

THS GBBBK XHaBGIAC POX2TS. Selected and Edited by Rev. 
Hkrbert Kyn ASTON, M.A., Principal of Cheltenham Col- 
lege, and formerly Fellow of St. John's College, Cambridge. 

[Ready, 

THUCYDIDSS. Book IV. Ch. 1-41. THE CAPTURE OF 
SPHACTERIA. Edited by C. E. Graves, M.A., Classical 
Lecturer and late Fellow of St. John's College, Cambridge. 

[Ready. 

THE RISE OF THE ATHENIAN EMPIRE. Book L, 
cc. 89-118 and 128-138. Edited by F. H. COLSON, B.A., 
Fellow of St. John's College, Cambridge, and Assistant - 
Master at Clifton Coll^-ije [In preparation. 

VBKOII.. THE SECOND GEORGIC. Edited by Rev. J. H. 
Skrinb, M.A., late Fellow of Merton College, Oxford, and 
Assistant-Master at Uppingham. [Ready. 

VIRGIIi'S iENBXD. I. With Notes and Vocabulary. By 
A. S. Walpole, M.A. [Inthepresi^ 

VIRGII.. THB FIFTH iBNBID. THE FUNERAL GAMES. 
Edited by Rev. A. Calvert, M.A., late Fellow of St. John's 
College, Cambridge. With Vocabulary. [Ready, 

XBNOPHON. ANABASIS. Book I. With Notes and 
Vocabulary. By A. S. Walpole, M.A. [In the press. 



MACMILLAN'S CLASSICAL SERIES FOR 
COLLEGES AND SCHOOLS. 

Fcap. 8vo. 

Being select portions of Greek and Latin authors, edited 
with Introductions and Notes at the end, by eminent 
scholars. The series is designed to supply first-rate text- 
books for the higher forms of Schools, having in view 

a 2 
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also the needs of Candidates for public examinations at the 
Universities and elsewhere. 

The following volumes are ready : — 

ASOHYliUB— PBR8JB. Edited by A. O. Prickard, M.A., 
Fellow and Tutor of New College, Oxford. With Map. p.6d, 

CATUI.I.US— SBXACT POBM8. Edited by F. P. SllfPSON, 
B.A., late Scholar of Balliol College, Oxford. New and 
revised Edition. 5^. 

QIGERO— THB SBOOND PHIUPPIO ORATION. From 
the German of Karl Halm. Edited, with Corrections and 
Additions, by John E. B. Mayor, Professor of Latin in the 
University of Cambridge, and Fellow of St. John's College. 
New edition, revised. 5/. 

THB CATIZ.INB ORATIONS. From the German of Karl 

Halm. Edited, with Additions, by A. S. WiLXiNS, M.A., 

Professor of Latin at the Owens College, Manchester. New 

edition. 3^. 6d. 

THB AOADBMIOA. Edited by JAMXS RkID, M.A.. 

Fellow of Caius College, Cambridge. 4^. 6d, 

PRO IiEGB MANIIiIA. Edited after Halh by Prof. 

A. S WiLKINS, M.A. 3*. 6{i, 

PRO ROSCIO AMBRINO. Edited after Halm. By E. 
H. DONKIN, M.A., late Scholar of Lincoln College, Oxford. 
As<;istant-Master at Uppingham. 4^. 6d, 



DF.MOSTHENES — THE ORATION ON THB CROIXTN. 

Edited by B. Drake, M.A., late Fellow of King's College, 
Cambridge. Sixth and revised edition. 4s. 6d. 

ADVERSUS IiEPTINEM. Edited by Rev. J. R. KiNG, 
M.A., Fellow and Tutor of Oriel College, Oxford. 4^. 6d. 

EURIPIBEB— HIPPO IiYTUS. Edited by J. P. Mahaffy, M. A., 
Fellow and J*rofessor of Ancient History in Trinity College, 
Dublin, and J. B. Bury, Scholar of Trinity College, Dublin. 
3J. 6d. 

HOMER'S IIiIAD— THB STORY OF AOHIXiLBS. Edited 

by the late J. H. Pratt, M.A., and Waltbr Lbaf».M.A., 

Fellow? of Trinity College, Cambridge. 6s. 
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HOMER'S ODY8BSY--THB NARRATIVB OF ODY8. 
SBU8, Books IX.-*XIZ. Edited by John £. B. Mayor, 
M.A. Part L p. 

JUVBNAIt— 8BZJSOT 8ATIRB8. Edited by JoHN E. B. 
Mayor, Fellow of St. John's College, Cambridge, and 
Professor of Latin. Satires X. and XI. y. 6d, Satires XIL — 
XVI. 4f. 6d. 

LIVY— HANNIBAL'8 FIRST CAMPAION IN ITAIiY, 
Books ZZI. and 2CXII. Edited by the Rev. W. W. 
Cafis, Reader in Ancient History at Oxford. With 3 
Maps. $s. 

Books II. and III. Edited by Rev. H. M. Stephenson, 
M.A., Head-Master of St. Peter's School, York. 5J. 



Edited by Rev. H. M. 
Stbphbnson, M.A., Head-Master of St Peter's School, 
York. 6#. 

OVID— FA8TI. Edited by G. H. Hallam, M,A„ Fellow of 
St John's College, Cambridge, and Assistant-Master at 
Harrow. With Maps 5j. 

HBROIDUM BPI8'nJIaA XIII. Edited by E. S. 
Shuckburgh, M.A. 4j. 6</. 

PIiAUTUS— MILBS ax«0Rl08tlB. Edited by R. Y. Tyrrell, 
M.A., Fellow and Professor of Greek in Trinity College, Dublin. 

PIiINY'S IiBTTERS— Book III. Edited by Professor John E. 
B. Mayor. With Life of Pliny, by G. H. Rendall, M.A. 
Fcap. 8vo. 5^. 

PlaUTARCH — IiIFE OF THEMISTOKIiGS. Edited 
by Rev. H. A. Holden, M.A., LL.D., Head Master of 
Ipswich School ; some time Fellow of Trinity College, Cam- 
bridge; Editor of **Aristophane?," &c. 5j. 

PROPBRTIU8~SBLBCT POBM8. Edited by J. P. POST- 
GATi, M.A., Fellow of Trinity College, Cambridge, dr. 

8AUi1l8T— CAtllilNB asd JUaURTBLA. Edited by C 
Mkriyalv, B.D. New edition* carefiilly revised and en- 
larged. 4J. 6d, Or separately 2s. 6J. each.. 
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TACITUS— AQRICOIiA and aBRMAMIA. Edited by A. J. 

Church, M.A., and W. J. Brodribb, M.A. Translators of 

Tacitus. New edition. y.6d. Or separately 2J. each. 

THB ANNAIaS, Book VI. By the same Editors. 2s, 6d, 
TBBBNOB— HAUTON TIM0RUMBM08. Edited by £. S. 

Shuckb(JRGH, M.A., Assistant-Master at Eton College. 3;. 

With Translation, ,4r. 6d. 

PHOBMIO. Edited by Rev. John Bond, M.A., and 

A. S. Walpole, B.A. 4J. 6d. 
THUOYDIDBS— THB SIGIIiIAN BXPBDITION, Books 

VI. and VII. Edited by the Rev. Percival Frost, M. A., 

Late Fellow of St John's College, Cambridge. New edition, 

revised and enlarged, with Map. 5^. 
VIROIIa — JBBNBID, II. and III. The Narrative of iEneas. 

Edited by E. W. HowsON, M.A., FeUow of King's 

College, Cambridge, aod Assistant-Master at Harrow, y. 
XBNOPBOK— HBIiIiBNIOA, Books I. sad II. Edited by 

H. HAiLffTONs; B.A., late Scholar of Pcterhonsc, Cambridge. 

With Map. 4J. 6d. 

CYROPiSDIA, Books VII. and VIII. Edited by ALFRED 

Goodwin, M.A., Professor of Greek in University College, 

London. Ss. 

M BMORABII.IA 800RATI8. Edited by A. R. Cluer, 

B.A. Balliol College, Oxford. 6s, 

THB ANABASIS-Books 1. to IV. Edited uith Notes by 
. Professors W. W. Goodwin apd J. W. White. Adapied to 

Goodwin's Greek Grammar. With a Map. Fcap. 8vo. 5^. 

7)1^ follov iftfr are in preparation >- 
JBSCHINB8— IN OTESIPHONTBM. Edited by Rev. T. 

GwATKiN, M. A., late Fellow of St. John's College, Cambridge. 

[In the press, 
CIOBRO— PRO P. SBSTIO. Edited by Rev. H. A. Holden, 

M.A., LL.D., Head-Master of Ipswich School, late Fellow 

and Assistant Tutor of Trinity College, Cambridge, Editor 

of Aristophanes, &c. 
BB1COBTKBNB8— PIR8T PHIIiIPPIO. Edited bf Rev. 

T. GwATKiN, M.A., late Fellow of St. John's College, 

Cambridge. 
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BURIPIDBS--8BIiBOT PLAYS, by various Editors. 

AliOESTIS. Edited by J. E. C. Wslldon, B.A., FeUow 

and Lecturer of King's CoU^e, Cambridge. 

BACOHAB. Edited by E. S. Shuckbu&gh, M. A., AssisUnt- 

Master at Eton College. 

MBDEtA. Edited by A. W. VsRRilLL, M.A., Fellow and 

Lecturer of Trinity College, Cambridge. 

IPHIGENEIA IN TAURIS. Edited by E. B. ENGLAND, 

M.A., Lecturer at the Owen's College, Manchester. 
HB&ODOTUB— THB imfASION OF GRBBOB BY XBBX BS. 

Books VXI. and VIII. Edited by Thomas Case, M.A., 
formerly Fellow of Brasenose College, Oxford. 

HOMBR'S ODYS8BY— Books XXI.— XXIV. Edited by S. G. 
Hamilton, B.A., Fellow of Hertford College, Oxford. 

[In the press, 

HORACE— THB ODES. Edited by T. E. Page, M. A., Master at 
Charterhouse and late Fellow of St. John's College, Cambridge. 

THB SATIRES. Edited by Arthur Palmer, M.A., 

Fellow and Professor of Latin in Trinity College, Dublin. 

\ln the press, 

THE EPISTLES AND ARS POETICA. Edited by Pro- 
fessor A. S. WiLKiNS, M.A. 

UVY— Books XXIII. and XXIV. Edited by Rev. W. W. 
Capes, M.A. 

THE SAMNITB WARS as narrated in the First Decade of 
Livy. Edited by Rev. T. H. Stokoe, D.D., Lincoln College, 
Oxford, Head- Master of King's College School, London. 

LUGRETIUS-Books I. to III. Edited by J. H. Warburton 
Lee, B.A., late Scholar of Corpus Christi College, Oxford, 
and Assistant-Master at Rossall. 

laYSIAS— SBIiBOT ORATIONS. Edited by £. S. Shuck- 

BU&GH, M.A., Assistant-Master at Eton College. \In the press, 
PIiATO—MENO. Edited by E. S. THpMPSON, M.A., Fellow 

of Chiist's College, Cambridge. 

APOItOGY AND CBITO. Edited by F. J. H. Jenkinson, 

M.A., Fellow of Trinity College, Cambridge. 

THE REFUBIiIO. Books I.— V. Edited by T. H. 

Warren, M.A., Fellow of Magdalen College, Ostford. 
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SOPHOCIiISS— ANTIGONE. Edited by Rev. JOHN BOND, 
M.A., and A. S. Walpolb, M.A. 

TACITUS— THE HISTORY. Books I. and II, Edited by C. 
E. Graves, M.A. 

TBUOYDIDBS— Books I. an4 II. Edited by H. B&oadbbnt, 
M.A., Fellow of Exeter College, Oxford, and Assistant- 
Master at Eton College. 

Book* III. IV. •aoA V. Edited l^ C. ?. G&AVBS» M.A., 

Classical Lecturer, and late FeUow of St. Johm's CoUegei 
Cambridge. (To be published separately.) 

OtAer volumes will follow, 

GI.ASSICAU 

««OBYliUS— r^^ BUMENIDBS. The Greek Tezt^ with 
Introduction, English Note% and Verye Translation, By 
Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8vo. 5j. 

THE ORESTEIAN TRILOGY, Edited, with Introduction 
and Notes, by A. O. PriCkard, M.A., FeUow and Tutor of 
New College, Oxford. 8vo. [In prcfaration,- 

ANTONINUQi MARCUS A^TLBjaVB—BOOIC IV. OF TffE 
MEDITATIONS, The Text Revised with Translation and 
Notes. By Hastings Crossley, M.A., Professor of Greek 
in Queen's College, Belfast 8vo. 6s* \In the press. 

ARATUS—T-iy^ SKIES AND WEATHER-FORECASTS 
OF ARATUS, Translated with Notes by E. POSTK, M.A., 
Oriel College, Oxford. Crown 8vo. 3^. 6d, 

ARISTOTLE^i^A^ INTRODUCTION TO ARISTOTLES 

RHETORIC, With Analysis, Notes, and Appendices. By 
E. M. Cops, FeUow and Tutor of Trinity College^ Cambridge, 
8vOi 141. 

ARISTOTLE ON FALLACIES; OR^ THE SOPHiSTICI 
ELENCm. With Translation and Notes by £. Posn; M. A. 
FeUow of Oriel CoUege^ OzfiirdL 8va &r. 6^ 

THE METAPHYSICS. BOOK I. TVanslated by a Cam- 
bridge Graduate. 8vo. ^. [Book It. in preptmUion* 
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AVISTOTLS Continued-^ 

THE POLITICS, Edited, after SUSEMIHL, by R. D. HiCKS, 

M.A.t Fellow of Trinity College, Cambridge. 8vo. 

[/« the press, 

THE POLITICS, Translated by J. E. C. Wblldon, M.A., 
Fellow of King's College, Cambridge. 8yo. \In preparation, 

ARlSTOPHANB8->r/r£ BIRDS. TranaUted into English 
Verjte, with Introduction, Notes, and Appendices, by B. H. 
KsNNXDY, D.P., R^us Professor of Greek in the University 
of Cambridge. Crown 8vo. 6j. Help-Notes to the same, 
for the use of Students. \s, 6d, 

ARNQLIX— i4 HANDBOOK OF LATIN EPIGRAPHY-^ 
By W. T. Arnold, B.A. \ln preparation, 

THE ROMAN SYSTEM OF PROVINCIAL AD- 

MINISTRATION TO THE ACCESSION OF CON- 

STANTINB THE GREAT, Crown 8vo. 6j. 

"Ought to prove a valuable handbook to the Student of Roman His- 
tory.** — Guardian. 

BEI.OHSR— 5'J70J?7' EJ^E^C/SES IN lAT/N PROSE 
COMPOSITION AND J^XAMINATION PAPERS IN 
LATIN GRAMMAR^ to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Bblchxr, II.A., 
Assistant Master In King's College School, London. New 
Edition. iSmo. u. ^. 
Key to the above (for Teachers only). %s, 6d, 

SHOR T EXERCISES IN LA TIN PROSE COMPOSI- 
TION PART II,, On the Syntax of Sentences, with an 
Appendix including, EXERCISES IN LA TIN IDIOMS, 
<&*<•. iSmo. 2s, 

niMACKl^^GREEUr AND ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stuart Black^s, Professor of Greek in the University of 
Edinburgh. New Edition. Fcap. 8vo. 2s. 6d. 

clC^no^THE A CADEMICA. The Text revised and explained 
by Jambs Rilid, M. A., Fellow of Caius College, Cambridge. 
New Edition. With Translation. 8va [Inthepr^, 

THE ACADEMICS. Translated by James S. Reid. M.A. 
8vo. 5f. 6t/.. 
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CIOBKO Continued'^ 

SMLECT LETTERS.^MUi the Edition of Albert 
Watson, III A. Thmslated by G. £. Jxams, ]ii.A.» FeUow 
of Hertford College, Oxford, and Asnstaiit-Master at Hailej- 
bax7. Sva lor. td. 

OImAMBIQAI* wmTB BS. Edited by J. R. G&KBN, BIA. 
Fcap. Syo. IX. 6tU each, 

A Series of small volumes upon some of the principal 
classical writers, whose works form subjects of study in our 
Schools. 

EURIPIDES. ByProfessor J. P.Mahaffy. [Riody, 

LIVY, By Rev. W. W. Capbs, M.A {Ready. 

SOPHOCLES, By Pro£ Lewis Campbell. [Ready. 

VERGIL. By Professor H. NBTTLBSinp. [Ready. 

DEMOSTHENES. By S. H. Butcher, M.A. [Ready. 

TACITUS. By A. J. Church, M.A., & W. J. Brodribb, 

M.A. [Ready. 

CICERO. By Professor A. S. Wilkins. 1 j itrtOaraHom. 
HERODOTUS. By James Bryce, M. A. / ^ '^ ^^ 

UImUB—PRACTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A« J. ELLlfl^ B.A., F.R.S. 
Extra fcap. 8vo. 4/. td. 

BVaiMAUB'-EXERCISES ON LATIN SYNTAX AND 
IDIOM, ARRANGED WITH REFERENCE TO 
ROBY*S SCHOOL LATIN GRAMMAR. By E. B. 
England, M. A., Assistant Lecturer at the Owens College^ 
Manchester. Crown Svo. 2s. 6d. Key, for Teachers only, 
2s. 6d. 

BUKIPXDBS— BIEDBA. Edited, with Introduction and Notes, by 
A. W. Verrall, M.A., Fellow and Lecturer of Trinity 
College, Cambridge. Svo. Js. 6d. 

Q^MDUiam-'THE PROBLEM OP THE HOMERIC POEMS. 
By W. D. Gbpdbs, Professor of Greek in the UniverBity of 
Aberdeen. Svo. I4J. 
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aiUkDSTONB— Works by the Rt. Hon. W. £. Gladstone, M.P. 

yUVMNTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown 8yo. lor. 6</. 

THE TIME AND PLACE OP HOMER. Crown 8vo. 
6f . &£ ' 

A PRIMER OF HOMER. i8mo. w. 

OOODWIN— Works by W. W. GooDWiN, Professor of Greek in 
Harvard University, U.S.A. 

SYNTAX OP THE MOODS AND TENSES OP 7HE 
GREEK VERB. New Edition, revised. Crown 8vo. 

A GREEK GRAMMAR. New Edition, revised. Crown 
8vo. 6r. 

**It is the best Greek Grammar of its siie in the English language."— 
Athenxum. 

A GREEK GRAMMAR FOR SCHOOLS, Crown 8vo. 
3J. 6d. 

OOODWIN-i4 TEXT-BOOK OF GREEK PHILOSOPHY. 
based on Ritter and Preller's "Historia Philosophiae 
Graecae et Romanae." By Alfred Goodwin, M.A, Fellow 
of Balliol College, Oxford, and Professor of Greek in 
University College, London. Svo. \In preparation, 

ORBBNWOOD— Z^^ ELEMENTS OP GREEK GRAM- 
MAR, including Accidence, Irregular Verbs, and Principles of 
Derivation and Composition ; adapted to the System of Crude 
Forms. By J. G. Greenwood, Principal of Owens College, 
Manchester. New Edition. Crown Svo. 5/. &/. 

HBKODOTUS, Boolu 1.— 111.— THE EMPIRES OP THE 
EAST. ' Edited, with Notes and Introductions, by A. H. 
Sayce, M. a.. Fellow and Tutor of Queen's College, Oxford, 
and Deputy-Professor of Comparative Philology. Svo. 

[In preparation. 
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UOI^QnOV-MYTIfOLOGY FOR LATIN VBRSIFICA- 
TION. A brief Sketch of the Fables of the Andents, 
prepared to be rendered into lAtin Vtait for Sohools. By 
F. Hodgson, B.D., late Provost of Eton. New EditioD, 
revised by F. C. Hodgson, M.A. i8mo. 3;. 

UOViVR—TffE ODYSSEY. Done into English by S. H. 
BuTCHBR, M.A., Fellow of University College, Oxford, and 
Andrew Lang, M.A., late Fellow of Merton College, Oxford. 
Second Edition, revised and corrected, with new Introduction, 
additional Notes and Illustrations. Crown 8vo. IOlt. td. 

THE ILIAD, , Edited, with Introduction and Notes, by 
Walter Leaf, M. A., Fellow of Trinity College, Cambridge, 
and the late J. H, Pratt, M.A. 8vo. [In preparation, 

THE ILIAD, Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A.,* and Ernest Myers, 
M.A. Crown 8vo. [In the Press. 

BOKSBIO DZOVlOliAmv* For Um in Sdiools and Colleges. 
Translated from the German of Dr. .G. Autenreitfa, with 
Additions and Coirections by R. P. Ku?, Fh.D. With 
numerous Illustrations. Crown Svo. 6s, 

HORAOB— 77?jS works OF HORACE^ rendered into 
English Prose, with Introductions, Running Analysis, and 
Notes, by J. Lonsdale, M.A., and S. Ln, M.A. Globe 
8yo. 3^. 6d, 

THE ODES OF HORACE IN A METRICAL PARA* 
PHRASE. By R. M. Hovsnden. Extra fcap. Svo. 4/. 

HORACJffS LIFE AND CHARACTER, An Epitome of 
his Satires and Epistles. By R. M. Hovsnden. Extra fcap. 
8vo. 4J. td, 

WORD FOR WORD FROM HORACE. The Odes 
literally Versified. By W. T. Thornton, C.B. Crown 
Svo. 7j. 6d, 

JAOELBOK'-FIRST STEPS TO GREEK PRO^E COM- 
POSITION. By Blomfisld Jackson, M.A. Assistan^ 
Master in King's College School, Jjondon. New Edition 
revised and enlarged. i8mo i.r. 6d. 
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JACKSON Continued— 

KEY TO FIRST STEPS, i8mo. 3^. 6^. 

SECOND STEPS TO GREEK PROSE COMPOSITION, 
\idth Miscellaneous Idioms, Aids to Accentuation, and Exami- 
nation Papers in Greek Scholarship. i8mo. 2J. 6d, 

,*, A Key to Second Steps, for the use of Teachers only, is in 
preparation. 

JACK80N~i4 MANUAL OF GREEK PHILOSOPHY, By 
HxNRY Jackson, M.A., Fellow and Prselector in Ancient 
Philosophy, Trinity Coll^;e, Cambridge {In preparation, 

JBfiB — ^Works by R. C Jsbb, M.A., Professor of Greek in the 
University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TV 
ISAEOS. 2 vols. 8ya 25^. 

SELECTIONS FROM THE A TTIC OR A TORS, ANTI- 
PHON, ANDOKIDES, LYSIAS, ISOKRATES, AND 
ISyEOS. Edited, with Notes. Being a companion volume to 
the preceding work. 8vo. 12s, 6d, 

THE CHARACTERS OF THEOPHRASTUS. Trandated 
from a revised Text, with Introduction and Notes. Extra leap. 
8vo. 6r. 6a. 

A PRIMER OF GREEK LITERATURE. i8mo. is. 

A HISTOR Y OF GREEK LITER A TURE. Crown 8vo. 

\In preparation. 

JUVEN Air— THIR TEEN SA TIRES OF JUVENAL. With 
a Commentary. By John E. B. Mayor, M.A., Kennedy 
Professor of Latin at Cambridge. Vol. I. Second Edition, 
enlarged. Crown 8vo. 7^. 6d. Vol. TI. Crown 8vo. iQr. 6d. 

** For really ripe scholarship, extensive acquaintance with Latin litera- 
ture, and familiar knowledge of continental criticism, ancient and modem, 
it is unsurpassed among English editions." — Pkof. Conington in 
** Edinburgh Review." 

** Mr. Mayor's work is beyond the reach of common literary compli- 
ment. It is not only a commentary on Juvenal, but a mine of the most 
valuable and interesting information on the history, social condition, 
manners, and beliefs of the Roman world during the period of the early 
Empire." — Prof. Nettleship in the "Academy.** 

" Scarcely any valuable contribution that has been hitherto made to the 
interpretation or Juvenal will be sought in vain in this commentary .... 
This excellent work meets the long felt want of a commentary to Juvenal 
on a level with the demands of modem science." — Prop. Friedlandbr 
OP K^iGSBBRG IN " Jahrbsbbricmt pOk Altbrthumswissenscmapt.** 
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JUVBNAIi Continued^ 

THIRTEEN SATIRES. Translated by JTerbkrt 
Strong, M.A., Professor of Latin, and Alexander 
Leeper, M.A., Warden of Trinity College, in the University 
of Melb3ume. Crown 8vo. \Tn the press, 

KX'Blf^RT-'MANUAL OF ANCIENT GEOGRAPHY, 

Translated from the German of Dr. Heinrich Kiepbrt. 

Crown 8vo. 5j, 

"The English Edition of the 'Manual * will form an indi'^pensable com- 
panisn to Kiepert's 'Atlas 'now used in many of our leading schools. " — 
The Times. 

KYKASroif— EXERCISES IN THE COMPOSITION OF 

GREEK IAMBIC VERSE by Translations from English 

Dramatists. By Rev. H. Kynaston, M.A.. Principal of 

Cheltenham College. With Introduction, Vocabulary, &c. 

Extra Fcap. 8vo. 4J. 6^. 

KEY TO THE SAME (for Teachers only). Extra fcap. 
8vo. 4J. (id. 

EXEMPLARIA CHELTONIENSIA : sive quae discipulis 
suis Carmina identidem l^tine reddencja proposuit ipse red- 
didit ex cathedra dictavit Herbert Kynaston, M.A., 
Principal of Cheltenham College. Extra fcap. 8vo. 5^. 

LIVY, Booka XXI. — XXV. Translated by A. j. CHURCH, 
M. A., and W. J. Brodribb, M.A. Crown 8vo. \ln the press, 

UIMYl>^THE AGE OF PERICLES, A History of the 
Politics and Arts of Greece from the Persian to the Pelopon- 
nesian War. By William Watkiss Lloyd. 2 vols. 8vo. 21s. 

MAQfUJIslUkW— FIRST LATIN GRAMMAR. By M. C. 
Macmillan, M. a., late Scholar of Christ's College, Cambridge, 
Assistant Master in St. Paul's School i8mo. \s. 6d, 

MAHAPPV— Works by J. P. Mahafry, M.A., Professor of 
Ancient History in Trinity College, Dublin. 
SOCIAL LIFE IN GREECE ; from Homer to Menander. 
Fourth Edition, revised and enlarged. Crown 8vo 9Lf, 
RAMBLES AJ^D STUDIES IN GREECE. With Illus- 
trations. Second Edition. With Map. Crown 8vo. lor. (id. 
A PRIMER OF GRFIEK ANTIQUITISS. VTith lUiis. 
trations. fSmo. is 
EURIPIDSS. i8mo. u.^d. 
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MAHSRAi:.!. — ^ TABLE OF IRREGULAR GREEK 

VERBS, classified according to the arrangement of Curtius 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. 8vo. doth. New Edition, ts. 

VLKRtlKJjr-SELECT EPIGRAMS FROM MARTIAL FOR 
ENGLISH READERS. Translated by W. T. Webb, 
M.A., Professor of History and Political Economy, Presidency 
College, Calcutta. Extra fcap. 8vo. 4/. (xi, 

BOOKS I, AND IT. OF THE EPIGRAMS, Edited, 
with Introduction and Notes, by Professor J. E. B. Mayor, 
M.A. 8vo. [In the press, 

MAYOR (JOHN B. 'B.)--FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by 
Professor John £. B. Mayor, M.A., Fellow of St John's 
College, Cambridge. New Edition, revised. Fcap. 8vo. 41. 6d, 

BIBLIOGRAPHICAL CLUE TO LATIN LITER A^ 
TURE, Edited after HttBNSR, with large Additions by 
Professor John £. B. Mayor. Crown 8yo. los, 6d, 

MAYOR (JOSEPH B.^-GREEK FOR BEGINNERS. By 
the Rev. J. B. Mayor, M.A., Professor of Classical Literature 
in King's College, London. Part L, with Vocabulary, is. 6d. 
Parts II. and III., with Vocabulary and Index, 3^. 6d, com- 
plete in one Vol. New Edition. Fcap. 8vo. doth. 41. 6d. 

mil/iOV ^PARALLEL EXTRACTS arranged for translation 
into English and Latin, with Notes on Idioms. By J. E. 
Nixon, M.A., Fellow and Classical Lecturer, King's College, 
Cambridge. Part I. — Historical and Epistolary. New Edition, 
revised and enlarged. Crown 8vo. 3^. 6d, 

PBIZ.E (JOHN, Vl,K.)—AN INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. lOf. 6(L 

A PRIMER OF PHILOLOGY. By the same Author. 
i8ma is. 
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PHRTNIOHVS — RUTHBRFOKD— 7:^jS /iTMfV PHRY- 
NICHUS ; being a Revised Text of the Ecloga of the Gram- 
marian Phrynichus. With Introduction and Commentary by 
W. GuNiON Rutherford, M.A., of Balliol College, Oxford, 
Assistant Classical Master in St. Paul's School. 8vo. i8f. 

mn-DAA—THE EXTANT ODES OF PINDAR, Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M.A., Fellow of Wadham College, Oxford. Crown 
8vo. ^. 

pjULTO-^TffE REPUBLIC OP PLATO, Translated into 
English, with an Analysis and Notes, by J. Ll. Davibs, 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jeens 
from an Antique Gem. i8mo. 41. 6^. 

PIIlUB,BUS, Edited, with Introduction and Notes, by 
Henry Jackson, M,A., Fellow of Trinity College, Cambridge. 
8¥0. [/« preparation. 

THE TRIAL AND DEATH OF SOCRATES. Bein:r 
the Euthyphro, Apology, Crito, and Phaedo of Plato. Trans- 
lated by F. J. Church. Crown 8vo. ^. 6d, 

PH^DO.—YAiied by R. D. Archer-Hind, M.A., Fellow 
of Trinity College, Cambridge. 8vo. \In prcpa'olion, 

PImAVTUU-^THE MOSTELLARIA of PLAUTUS. With 
Notes, Prolegomena, and Excursus. By William Ramsay, 
M.A., formerly Professor of Humanity in the University of 
Glasgow. ' Edited by Professor George G. Ramsay, M.A., 
of the University of Glasgow. 8vo. 14J. 

POSTGATB AND VINCB— ^ DICTIONARY OF LATIN 
etymology. By J. P. Postgate, M.A., and C. A. 
Vince, M.A. \In preparation, 

POTTS (A. ^r., M. A.)— Works by ALEXANDER W. POTTS, 

M.A., LL.D., late Fellow of St John's College, Cambridge; 
Head Master of the Fettes College, Edinburgh. 

HINTS TOWARDS LATIN PROSE COMPOSITION, 

New Edition. Extra fcap. 8vo. y. 
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I^OTTS Continued— 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE, Edited with Notes and References to the above. 
Extra fcap, 8vo. 2s, 

LATIN VERSIONS OF PASSAGES FOR TRANSLA- 
TION INTO LA TIN PROSE, For Teachers only. 2s, td, 

EXERCISES IN LATIN PROSE, With Introduction, 
Notes, &c., for the Middle Forms of Schools. Extra fcap. 8vo. 

\In I>reparaiion, 

ROBY— ^ GRAMMAR OF THE LATIN LANGUAGE, firom. 
Plauttts to Suetonius. By H. J. Robt, M.A., late Fellow of 
St. John's College, Cambridge. In Two Parts. Third Edition. 
Fart I. containing :^Book L Sounds. Book II. Inflexions. 
Book IIL Word-formation. Appendices. Crown 8va &r. 6d, 
Part IL — Sjmtax, Prepositions, &c. Crown 8vo. los, 6d, 

** Marked by the clear and practised uosight of a maiter in his art. 
A book that would do honour to any country. ^—Athkvmvu, 

SCHOOL LATIN GRAMMAR. By the same Author. 
Crown 8vo. 5J. 

VLVn^—SYNTffETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Granmiatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A. 
With Preface by the Rev. W. F. Moulton, M,A.. D.D. 

Second and Enlarged Edition. Extra fcap. 8vo. 2s, 6d. 

MJJET— FIRST STEPS TO LA TIN PROSE COMPOSITION, 
By the Rer. G. Rust, M;A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is, 6d, 

ftUTHBRFOKD— i4 FIRST GREEK GRAMMAR. ByW.G. 
RUTHKRFORD, M.A., Assistant Master in St PauTs School, 
London. New Edition, enlarged. Extra fcap. 8va is. 6d, 

BAIAmVSTV^CATILINE ANDyUGURTHA. Translated, with 
Introductory Essays, by A. W. Pollard, B.A. Crown 8vo. 

[/« the press, 

8&EI.EY— .4 PRIMER OF LATIN LITERATURE. By 
Prof. J. R. SssLSY. [In pn^paraium. 

b 
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BXULVEOfX— PROGRESSIVE EXERCISES IN LATIN 

PROSE COMPOSITION, Founded on Passages selected 

from Cicero, Livy, &c. By F. P. Simpson, B.A., of Balliol 

College, Oxford. \_In preparation, 

ThGlW^— COMPLETE WORKS TRANSLATED. By A. J. 
Chu&ch, M.A., and W. J. Brodribb, MA. 
THE HISTORY, With Notes and % Map. New Editioii. 
Crown 8to. ts, 

THE ANNALS. With Notes and Map& New Edition. 
Crown 8vo. ft. 6d, 

THE AGRICOLA AND GERMANY^ WITH THE 
DIALOGUE ON ORATORY. With Miips and Notes. 
N(>w and Revised Edition. Crown Sva M. 6d. 

THE ANIMALS, Edited, with Introductions and Notes, by 
G. O. HoLUROOKE, M.A., Professor of Latin in Trinity 
College, Harford, U.S.A. 8vo. \In the press. 

THE HISTORIES, Edited, with Introduction and Notes, by 
Rev. Walter Short, M.A., and Rev. W. A. SrooNER, 
M.A, Fellows of New College, Oxford. 8vo. \In preparation, 

THEOCRITUS, BION and M08CBUB. Rendered into 
English Prose with Introductory Essay by Andrew Lang, 
M.A. Crown 8vo. 6j. 

r 

THBOPRRASTUS— 7V7£ CHARACTERS OF THEO- 
PHRASTUS. An English Translation from a Revised Text 
V./ith Introduction and Notes. By R. C. Jebb, M.A., Pro- 
fessor of Greek in the University of Gla^^ow. Extra fcap. 8vo. 
6f. 6dr. 

THRINO — ^Works by ttie Rev. E. Thrinq, M.A., Head- 
Master of Uppingham School. 

4 LATIN GRADUAL. A First Lathi Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2s, 6U. 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 
8vo. u. 6ci. . 

A CONSTRUING BOOK. Fcap. 8vo. a/, td. 
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VZROXI.— 7*^^ WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running 
Analysis, and an Index, by Jambs Lonsdale, M.A., and 
Samubl Lbb, M.A. New Edition. Globe Svo. 3j. 6d, 

WniTl^— FIRST LESSONS IN GREEK, Adapted to Good- 
win's Greek Grammar, and designed as an introduction to the 
Anabasis of Xenophon. By John Williams White, Ph.D., 
Assistant-Prof, of Greek in Harvard University. Crown Svo. 

WIZ-KINS— il PRIMER OP ROMAN ANTIQUITIES. By 
A. S. WiLKiNS, M.A., Professor of Latin in the Owens 
CoU^e, Manchester. With Illustrations. i8mo. i/. 

WRIGHT— Works by J. Wright, M.A., late Head Master of 
Sutton Coldfield SchooL 

HELLENIC A; OR, A HISTORY OP GREECE IN 
GREEK, as related by Diodorus and Tliucydides; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and Historical. New Edition with a Vocabulary. Fcap. Svo. 
3^ . 6iL 

A HELP TO LATIN GRAMMAR; or. The Form 
and Use of Words in Latin, with Progressive Exercises. 
Crown Svo. 4;. t(L 

THE SEVEN KINGS OP ROME, An Easy Narrative, 
abridged from the First Book of livy by the omission o| 
Difficult Passages; being a First Latin Reading Book, with 
Grammatical Notes and Vocabulary. New and revised 
edition. Fcap. Svo. 3;. 6^. 

PIRST LATIN STEPS; OR, AN INTRODUCTION 
BY A SERIES OP EXAMPLES TO THE STUDY 
OF THE LA TIN LANGUAGE. Crown Svo, 3X. 

ATTIC PRIMER, Arranged for the Use of Banners. 
Extra fcap. Svo. 2x. td, 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each Rule 
and Vocabularies. Crown 8vo. 2^. td. 
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MATHEMATICS. 

AIKY — Works by Sir G. B. Airy, K,C.B., Astronomer 
. Royal: — 
ELEMENTARY TREATISE ON PARTIAL DIF- 
FERENTIAL EQUATIONS. Desgned for the Use of 
Students in the Universities. With Diagrams, Second Editi^^n. 
Crown 8vo. 5j. 6<f. 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Sec»nd 
' Edition, revised. Crown 8va 6s. 6d, 
UNDULATORY THEORY OF OPTICS. Designed for 
the U?e of Students in the University. New Edition. Cfown 
8vo. 6x. dd, 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music. Designed for the 
Use of Studemi in the University. Second Editton, Revised 
and EnJAxged. Crown 8vo. 9f . 

A TREATISE ON MAGNETISM, Designed for the Use 
of Students in the University. Crown 8vo. 95. dd, 

AZRT (OBttUND)— i4 TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes in 
Schools. By Osmund Airy, B.A., one of the Mathematical 
Masters in Wellington College. Extra fcap. 8vo. 3^. 6t^. 

AJmT>1S— THE GIANT ARFTHMOS, An Arithmetic for 

Children. By Mrs. Steadman Aldis. Illustrated. 

[In tJie press, 

BSL-YMA^-THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By JosKPH BAYifA, S,J., Professor of Philosophy, 
Stonyhursi College. Demy 8vo. lOf. 6d. 

BEASI.BY-^A^ ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY, With Examples. ByR. D. Beaslkt, 
M.A., Head Master of Grantham Grammar School Fifth 
Edition, revised and enlarged. Crown 8vo. y. 6d. 

BIJkCKBURN {WUQU) ^ ELEMENTS OF PLANS 
TRIGONOMETRY, for the use of the Junior Oass hi 
Mathematics in the University of Glasgow. By Hugh 
Blackburn, M. A., Professor of Mathematics in the Uinvier- 
sity ot Giasi^ow. Globe byo, is. 6d. 
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BOOXtB— Works by G. Boole, D.CU, F.R.S., l&te Professor 
of Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS, 
Third and Revised Edition, Edited by I. Todhuntsr. Crown 
8yo. 14J. 

A TREATISE ON DIFFERENTIAL EQUATIONS, 
Snpplementary Volume Edited by^ I. ToDHUNT£ft. Crown 
8vo. &r. ^eU 

THE CALCULUS OF FINITE DIFFERENCES. 
Third Edition, revised by J. F. Moulton. Crown 8vo. 
lar. 6d, 

BBOOK-8MITH {9. \— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.I5., St. 
John's College, Cambridge ; Barrister-at-Law ; one of the 
Masters of Cheltenham College. New Edition, revised^ 
Crowu 8vo. 4f. 6^/. 

OAMBRIDGB 8BNATB-HOU8B PROBbBMS m&d 1ttl>«B8 
'WVTU SOIaUTIONSi— 

\%'j^--'PROBLEMS AND RIDERS. By A. G. Grkenhill, 
M.A. Crown 8va %s. 6d. 

iSjg— SOLUTIONS OF SEN ATE'HOUSE PROBLEMS 
By the Mathematical Moderators and Examiners. Edited by 
J. W. L. GLAtSHBR, M.A., Fellow of Trinity CoUeget 
Cambridge, izr. 

OANDI.BB— uflT^Z-P TO ARITHMETIC. Designed for the 
nse of Schools. By H. Candler, M.A., Mathematical 
Master of Uppingham SchooL Extra fcap. 8vo 2«. td. 

OH6YNB— ^A^ ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. By C. H. H. Cheyne, M.A., 
F.K.A.S. With a Collection of Problems. Second Edition. 
Crown 8vo. 6j. 6^. 

cnRISTlB— ^ COLLECTION OF ELEMENTARY TEST" 
QUESTIONS IN PURE AND MIXED MA7 HE- 
MATICS ; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Homer's Method. By Jam.es R. CHRigni, F.K.S., Koyal 
Militaxy Academy, Woolwich. Crown 8vo. 8f. 6d. 
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OI.IFFORD— 7!ff£ ELEMENTS OF DYNAMIC. An In- 
txoducdoQ to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University CoU^e^ London. 
Part L—KINEMATIC. Grown 8vo. 7x. td. 

OOVWrABlMBr^GEOMETRICAL EXERCISES FOE BE- 
GINNERS. By Samuel Constable. Crown 8vo. y. 6d, 

OUMMINO— ^AT INTRODUCTION TO THE THEORY 
OF ELECTRICITY. By LiNNiEtJs Gumming, M.A., 
one of the Masters of Rugby SchooL With Illustration^ 
Crown 8vo. 8j. 6d, 

evrnBVMTnoV'-rEl/CLIDIAN GEOMETR Y. By Francis 
GuTHBBRTSON, M.A., LL.D., Head Mathenuitical Master of 
the City of London SdiooL Extra fcap. 8vo. 41. 6d. 

DAVrON^Works by the Rev. T. Dalton, M.A., Assistant 
Master of Eton College. 

RULES AND EXAMPLES IN ARITHMETIC. NewEdi- 
tion. iSmo. 2s. 6d. [Answers to f/U Examples art appemUd, 

RULES AND EXAMPLES IN ALGEBRA. Put L 
New Edition. i8mo. 2s. Part II. iSma 2». 6d. 

JiAT-^PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part L, THE ELLIPSE, with 
Pioblems. By the Rev. H. G. Day, M.A. Crown 8vo. 
y.6d. 

I^KBW^GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St John's Coflege, 
Cambridge. New Edition, enlarged. Crown 8vo. $s. 

SOLUTIONS TO THE PROBLEMS IN DREWS 
CONIC SECTIONS. Crown 8vo. ^.6d. 

VY^-Bi— EXERCISES IN ANALYTICAL GEOMETRY. 
Compiled and arranged by J. M. Dyer, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College. With Illustrations. Crown 8vo. 41. 6d. 
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BDOAR (J. B.) and PBITOKARD (O. n.y^NOTB^BOOX 
ON PRACTICAL SOUD OR DESCRIPTIVE GEO- 
METRY. Containing Problems with fadip for Solutions. By 
J. H. Edgar, M. A., Lcleturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. PRirCHARa Fourth 
EditioRi revised and enlarged, by Arthur Meezb. Globe 
8vo. 4r. 6</. 



— Works by the Rev. N. M. Ferrers, M.A., Fellow 
and Master of Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TRI LINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM, Crown 8va 7*. 6d, 

PR08T— Works by Percival Frost, M.A., formerly Fellow 
of St. John's CoU^e^ Cambridge ; Mathematical Lectnxer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRA- 
CING, By PxRCiVAL Frost, M.A. 8vo. 12s, 

SOLID GEOMETRY, A New Edition, revised and enlaiged 
of the Treatise by Frost and Wolstbnholmb. In a Vols. 
VoL. I. 8vo. idr. 

OODFRAY— Works by HuGH GoDFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREA T1S& ON ASTRONOMY, for the Use of Colleges 
and Schools. New Edition. 8vo. lis, 6d, 

m 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time 
of Newton. Second Edition, revised. Crown 8va 5x. 6d, 

VLmumma— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. ByG. W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8vo. 91. 
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ZACIiBO'H — GEOMETRICAL CONIC SECTIONS. An 

Elementary Treatise in which the Conic Sections are defined 

as the Plane Sections of a Cone, aud treated by the Method 

* of Projection. By J. Stuart Jackson, M. A., late Fellow of 

Gonville and'Caius Collie, Cambridge. Crown 8vo. 4J. 6^. 

JELZ.BT (JOHN H.)— ^ TREATISE ON THE THEORY 
OF FRICTION. By John H. Jellet, B.D., Provost 
of Trinity Collie, Dublin; President of the Royal Irish 
Academy. 8vo. &r. dd, 

JON£S and QTSOSS^JSi^-^ ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jones, M.A.,and 
C. H. Cheyne, M.A., r.R.A.S., Mathematical Masters of 
Westminster School. New Edition. i8mo. 2s. 6d. 

KBI.I.AND and VAIT-^INTRODC/CTION TO QUATER- 
NIONS ^ with numerous examples. By P. Kelland, M.A., 
F.R.S., and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8vo. 

KZTCRENER— ^ GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the use of Sdiools. By F. E. 
Kitchener, M.A., Mathematical Master at Rugby. New 
Edition. 4to. 2j. » 

l»OCK.—ELEMENTAR Y TRIGONOME TR Y. By Rev. J. B. 
Lock, M.A.» Fellow of Caius College, Cambridge ; Assistant- 
Master at Eton. Globe 8vo. [/« the press. 

VLAJJllT— NATURAL GEOMETRY: an Inbroduction to the 
Logical Study of Mathematics. For Schools and Technical 
Classes. With Explanatory Models, based upon the Tachy- 
metiical works of Ed. Lagout. By A. Mault. i8mo. is. 
Models to Illustrate the above, in Box, 12s, 6d, 

VtVKKlVLAJX — ELEMENTS OF THE METHOD OF 
LEAST SQUARES. By Mansfield Merriman, Ph.D 
Professor of Civil and Mechanical Engineering, Lehigh Uniw 
versity, Bethlehem, Penn. Crown 8vo. 7*. 6d, 

miMlMAVL-^ELEMENTS OF DESCRIPTIVE GEOMETRY, 
By J. B. Millar, C.E., Assistant Lecturer in Engineering in 
Oweas College, Manchester. Crown 8vo. 61; 
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monaAH-^A collection of problems and 

EXAMPLES IN MATHEMATICS. With Answeis. 
% H. A. MorgBii, M.A., Sadlerian and Mathematical 
Lecturer of Jesus College, Cambridge. Crown Svo. ts, 6d. 

KVIR—A TREATISE ON THE THEORY OF DETER- 
MINANTS, With graduated sets of examples. For use in 
CcAleges and Schools. By Thos. MuiR, M.A., F.R.S.E., 
Mathematical Master in the High School of Glasgow. Crown 
Svo. 7J. (id, 

NEWTON'S PRINCIPIA, Edited by Prot Sir W. Thomson 
snd Professor Blackburn. 4to cloth. 31J. 6</. 
THE FIRST THREE SECTIONS OF NEWTON S 
PRINCIPIA^ With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newton's Mediods. By Psrcival Frost, M.A. Third 
Edition. 8to. I2i, 

PARKINSON— Works by S. PARKINSON, D.D., F.R.S., Tutor 
and Prsdector of St. John's College, Cambridge. 

AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
Sixth Edition, revised. Crown Svo. cloth, gj. &/. 

A TREATISE ON OPTICS. New Edition, revised and 
enlarged. Crown Svo. cloth. lor. 6d. 

VlS.-DJJBrr—EXERCISES IN ARITHMETIC for the Use of 
Schools. Containing more than 7,000 original Examples. 
By S. Pkdley, late of Tamworth Grammar School. Crown 
Svo. 5j. 

ifWRAVL'-'ELEMENTARY HYDROSTATICS. With Nu- 
merous Examples. By J. B. Fhsar, M. A., Fdlow and late 
Assistant Tutor of Clare College^ Cambridge. New Edition. 
Crown 8va doth. $s. 6d. 

Vim-B— LESSONS ON RIGID DYNAMICS, By tiie Rev. 
G. PiRiK, M.A., late Fellow and Tutor of Queen's College, 
Cambridge; Professor of Mathematics in the University of 
Aberdeen. Crown Svo. 61. 
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SMITH CotUinued—^ 

Standards I. and II. ki box, I jr. Standards IIL, IV. and V., 

in boxes, u. each. Standard VL in Two PaHs, in boxes, 

is, each. 

A and B papers, of nearly the same di£Gicttlty, are given so as to 

prevent copying, and the Colours of the A and B papers differ in 

each Standard, and from those of every other Standard, so that a 

master or mistress can see at a glance whether the duldren have the 

proper papers. 

SMITH, O.— CONIC SECTIONS, By CHARLES Smith, M. A., 

Fellow and Tutor of Sidnay Sussex College, Cambridge. 

[In the press, 

6MOWBAU. — THE ELEMENTS OF PLANE AND 
SPHERICAL TRIGONOMETRY; with the Construction 
and Use of Tables of Logarithms. By J. C. Snowball, M. A. 
New Edition. Crown 8vo. *ls, &f. 

lYXiUkBITS or PldkHB OBOMBTHir (corresponding to 
Euclid, Books I. — VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
Svo. IJ. • 

TAXT and STBELE-^ TREATISE ON DYNAMICS OF 
A PARTICLE, With ntnneroiis Examples. By Professor 
Tait and Mr. Steele. Fourth Edition, revised. Crown 
Svo. I2j, • 

n&MJ^H--- ELEMENTARY MENSURATION FOR 
SCHOOLS. With nnmerons Emmples* By Sxptimis 
TSBAY, B.A., Head Master of Queen Elisabetli's Grammar 
School, Rivington Extra fcap. Svo. y, 6d, 

TOSHUNTBR— Works by I. To&HVNTXS, M.A., F.R.S., of 
St. John's College, Cambridge. 

" Mr. Todhunter is chiefly known to students of Mathematies as die 
author o£ a series of admirable mathematieal text-books, trbich possess 
the rare qualities of being clear in style and absolutely free firom mistakes, 
typosrapnical or other."— SatukdiAY Review. 

THE ELEMENTS OF EUCLID, For the Use of Colleges 

and Schools. New Edition. iStno. ^r. 6d, 

KEY TO EXERCISES IN EUCLID. Cro%vn 8vo. 
6j. 6d, • , 
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roDHUMTBR ConHnuid^ 

MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s. 6d, 

ALGEBRA FOR BEGINNERS, With numerous Examples. 
New Edition. i8mo. 2S. 6d, 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 
6s. 6d. 

TRIGONOME TR Y FOR BEGINNERS, With numerous 
Examples. New Edition. i3mo. 2s, 6d, 

KEY TO TRIGONOMETRY FOR BEGINNERS. 
Crown 8vo. 8j. td. 

MECHANICS FOR BEGINNERS, With munerous 
Examples. New Edition. iSmo. 41. 6d. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6s. 6d. 

ALGEBRA, Tot the Use of Colleges and Schools. New 
Edition. Crown 8vo, Is. 6d, 

KEY TO ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS, Crown Sto. lor. &/. 

AN ELEMENTARY TREATISE ON THE THEORY 
OF F.QUA7IONS, New Edition, leyised. Ciown 8vo. 
71. 6. 

PLANE 7RIG0N0METRY. For Schools and Collies. 
New Edition. Crown 8vo. ^, 

KEY TO PLANE TRIGONOMETRY. Ciown 8m 
los, td. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, enlarged. Crown 8vo. 4;. td, 

PLANE CO-ORDINATE (7^ Oil^ffTXr, as applied to the 
Straight line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
7x. 6d. 

A TREATISE ON THE DIFFERENTIAL CALCULUS, 
With numerous Examples. New EditioiL Ciown 8vo. 
lOf. 6d, 
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TODHVHTBB Continued— 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS. With nnmennis Examples. New 
Edition, revised and cnlaxged. Crown Svo. lor. d^. 



EXAMPLES OP ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, lemed. Crown 
8va 4J. 

A TREATISE ON ANALYTICAL STATICS. With 
nnmeroni Examples. New Edition, revised and enlazged. 
Crown 8yo. lOf. &/. 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY^ fiY>m the time of Pascal to that of 
Laplace. 8vo. i8x. 

RESEARCHES IN THE CALCULUS OF VARIA^ 
TJONSf principally on the Theory of Disoontinuons Solutions : 
an Essay to whi^ the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo. 6f. 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATTRACTIONS AND THE FIGURE OF TBE 
EARTHj from the time of Newton to that of Laplace. 2¥oIs. 
8vo. 241. 

AN ELEMENTARY TREATISE ON LAPLACE S 
LAMES, AND BESSEVS FUNCTIONS. Crown 8vo' 
lOif. ^. 

WII.8ON (J. m.y-^ELEMENTARY GEOMETRY. Books 
I. to v. Containing the Subjects of Endid's first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 4;. 6d. 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Traxisversals and Harmonic Division. For the 
Use of Schools. By J. M. WlLSON, M.A. New Edition 
Extra fcap. 8vo. 3^. 6d. 
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WllMSON'-GJiADC/ATED EXERCISES IN PLANE TRI- 
GONOMETRY. CompUed and arranged by J. Wilson, 
M.A., and S. R. Wilson, B.A* Crown Svo. 4;, t(L 

** The exercises seem beautifully Graduated and adapted to lead a student 
on most gently and pleasantly "— -E. J. Routh, F.R.S., St Peter's College, 
Canxbridi^e. 

WII.SON (W. P.)— -4 TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St John's College, Cam- 
bridge, and Professor of Mathematics in Queen's College, 
Belfast Svo. ^r. ^cU 

WOlMa'nBtinoiMWB--^MAT/IEMATyCAZ PROBLEMS, on 
Subjects induded in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical TVipos 
Examination. Devised and ananged by Josbpk Wolstsn- 
HOLMK, late Fellow of Christ's College, sometime Fellow of 
St John's College, and Professor of Mathematics in the Royal 
Indian Engineering College. NewEd. greatly enlarged. Svo. iSr. 

SCIBNCB. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professors HuxLBY, Roscos, and 

Balfour Stewart. 

** These Primers are extremely simple and attraetiTe, and thoroughly 
answer thdir purpose of just leading the young beginner up to the thresh- 
old of the long avenues in the Palace of Nature which these titles suggest." 

— GUAROIAM. 

** They are wonderfully clear and lucid in their instruction, uaiple in 
style, and admirable in idan. "—Educational Timbs. 

INTRODUCTORY— By T. H. HuxLEY, F.R.S., Professor of 
Natural History in the Royal School of Mines. i8mo. is, 

CHEMISTRY — By H. E. Roscos, F.R.S., Professor of 
Chemistry in the Victoria University the Owens College, 
Manchester. With numerous Illustrations. i8mo. is. New 
Edition. With Questions. 

*' A very model of pertpieaeity and accuracy. "-^Chbmist and Dkug- 

CIST. 

PHYSICS— By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in the Victoria University the Owens College, 
Manchester. With numerous Illustrations. i8mo. is. New 
Edition. With Questions. 
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80XBM0B PSIMB&8 C^mtbtm^ 

PHT8XOAI. OBOORAPHT— By ARCHIBALD GSIKII, F.R.S., 

Director-General of the Geological Survey. With nnmeroiis 
lUu8tntioii& New Edition, with Questions. i8mo. is. 

*' Everyone of his lessoai is aarkttd by siaplieity, eicamess, and 
eenectiiess.''^ATHXN«vif. 

OBOIiOOY-— By Professor Gbikib, F.R.S. With numerous 

Illttstratioiis. New Edition. i8mo. doth. i^. 

" It is hudly possible far the dnllest diild to misunderstand the aaeaniaff 
ef a c lsM i fi a it ion of stooes after Rr o fa s s o r GeUde's wgtonetiwi , "— ScMOOi. 
BOAXD Chbonicul 

PHYBIOlaOav— By MlCIUiKI. FOSTKR, M.D., F.R.S. With 
nnnieroas lUastrataom, New Edition. i8mo. is. 

"The book seems to us to leavo nothing to be desired as an elementary 

teztf-boolc "-^ACADBM V. 

ASTBONOMY -- By J. NoRiiAM LoCKnR, F.ILS. With 
numerous Blustrations. New Edition. i8mo. is. 

** This is altogether one of die asest likriy attempts we have ever seen to 
bring astronomy down to the capacity on the young child."— SckooI' 

BoAM» CSLWOmOM. 

BOTANY— By Sir J. D. Hooker, K.C.S.I., C.B., F.R.S. 
With numerous Illustrations. New Edition. i8mo, is, 

" To teachers the Primer will be of inestimable value, wad not only 
because ofdie stmpUeity o£ the language and the deamess with which the 
sabiect matter is treaied, but also on account of its coonng from the highest 
anthority, and so fvmishiag positive information as to the most suitable 
methods of leaching the science of botany."— -Naturb. 

« 

l»ooio— By Professor Stanley Jevons, LL.D., M.A., F.R.S. 
New Edition. i8mo. is. 

'* It apjjpeais to ns admirably adapted to serve both as an intr o daction 
to scientific reasoning, and as a guide to sound Judgment and reasooing 
in the ordinary ajSEurs ofi life."— Acadbmv, 

POUTlCAi. BOONOMY— By Professor Stanley Jevons; 

LL.D., M.A., F.ILS. iSino. u. 

" Unquestiooably in every ra^ed an admirable primer."— School 
BOAKO Chxoniclb. 

In preparation : — 
ZOOLOGY. By Professor Huxley. &c. Ac. 
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BLBMBNTARY CLASS-BOOKS. 

▲STRONOMT, by tlM Airtronom«r BOTid. 

POPULAR ASTRONOMY. With lUtutrations. By Sir 
G. B. Airy, K.C.B., Astronomer RoyaL New Edition. 
i8ma 4J. 6d, 

ASnONOMT. 

ELEMENTARY LESSONS IN ASTRONOMY, With 

ColoQxed Diagram of the Spectra of the Son, Stars, and 

Nebnlse, and numerous dnstrations. By J. Nokman Lockyer, 

F.R.S. New Edition. Fcap. 8vo. $s, 6d. 

*' Full, dwur, tound, and worthy of attODdont not «oly as a popular 
exposition, but a« a aeiendfie ' In^bc' "— Atrbnjbum. 

QUESTIONS ON LOCKYERS ELEMENTARY LES- 
SONS IN ASTRONOMY. For the Use of Schools. By 
John Forbis-Robb&tson. z8mo. cloth limp, is, 6d. 

PHYBIOIiOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 

numerous Illustrations. ByT. H. Huxley, F.R.S., Professor 

of Natural History in the Royal School of Mines. New 

Edition. Fcap. 8yo. 4/. &/. 

*' Pio* gold tliraiiglMmt."»OnAKDiAH. 

*' Unqnesdonably tha clearest and most coaij^ete elementary treatise 
on this subject that we possess in any language. "--WasTMiNSTBR Rbvibw. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. By T. Alcock, M.D. i8mo. u. 6d, 
BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 
Oliysr, F.R.S., F.L.S., Professor of Botany in University 
College^ London. With nearly Two Hundred Illustrations. 
New Edition. Fcap. 8va it. 6d. 

CHBMI8TRY. 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC. By Hknry K Roscoe, 
F.R.S., Professor of Chemistry in the Victoria University the 
Owens College^ Manchester. With numerous Illustrations 
and Chromo-Litho of the Solar Spectrum, and of the Alkalies 
and Alkaline Earths. New Edition. Fcap. 8vo. 4^. 6</. 

"As a standard general tezt>book it desierves to take a leading place." — 
Spkctator. 

** We unhesitatingly pronounce it the best of all our elementary treatises 
on Chemistry."— Medical Times. 
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BI*BM«WTARY OIiASS-BOOKS Continued— 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
.Special Reference to the above, by T. E. Thorpe, Ph.D., Pro- 
fessor of Chemistry in the Yorkshire College of Science, Leeds. 
Adapted for the Preparation of Students for the Government, 
Science, and Society of Arts Examinations. With a Preface by 
Professor RoscoE. New Edition, with Key. i8mo. 2J. 
CHEMICAL ARITHMETIC, With Examples. By Sydney 
Lupton, M.A., Assistant- Master at Harrow, \In preparation, 

POIiITlOAIi SCONOMY. 

POLITICAL ECONOMY FOR BEGINNERS, By 
MiLLiCENT G. Fawcett. Ncw Edition. iSmf. aj. &/. 

*' Clear, eomp*et« and eonprehensive.'''— Daiit News 
** The relations of capital and labour have never been mare amply or 
more clearly expounded. "—ComrxiivoiiABV Rsvisw. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC; Deductive and 

Inductive, with copious Questions and Examples, and a 

Vocabulary of Logical Terms. By W. Stanley Jbvons, 

LL.D., M.A., F.R.S. New Edition. Fcap. Svo. p, 60. 

** Nothing can be better for a school-book."— Ouasdiam. 

** A manual alike simple, interesting, and scieatifie.''->ATHKNiBUM. 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. ByBALPOUR 

Stewart, F.R.S., Professor of Natural Philosophy in the 
Victoria University the Owens College, Manchester. With 
numerous Illustrations and Chromolitho of the Spectra of the 
Sun, Stars, and Nebulae. New Edition. Fcap. Svo. 4s. 6tf. 
** The beau-ideal of a seiendfie text-book, elear. aeeorate, and Chorongh.* 

— EoOCATIONAt TlMJ-S. 

QUESTIONS ON BALFOUR STEWART^S ELE^ 
MENTAR V LESSONS IN PHYSICS, By Prof. THOMAS 
H. Core, Owens College, Manchester. Fcap, Svo. 2s, 
PRACTICAI. CHfiMISTRY. 

THE OWENS COLLEGE JUNIOR COURSE OF 

PRACTICAL CHEMISTRY. By FRANCIS Jones, Chemical 
Master in the Grammar School, Manchester. With Pre&ce by 
Professor RoscoE, and Illustrations. New Ed. i8mo. %s.6d. 
CHEMISTKT. 

QUESTIONS ON CHEMISTRY. A Series of ProWcms 
and Exercises in Inorganic and Organic Chemistry. By 
Francis Jones, F.R.S.E., F.C.S., Chemical Master in the 
Grammar School* Manchester. Fcap. Sva ^f. 
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ANATOMT. 

LESSONS IN RLEMBNTARY ANATOMY. By St. 
Gborox Mitaet, F.R.S., Lectnnr in CompamtiTe Anatomy 
at St. Maiy'i HospUad. With «|mBids of 400 lUustraticMis. 
Fcap. 8to. df . 61/. 

** It aay ba qocfdooad wbadwr vbc9 other vork oo ■mtniy containi in 
liln eompan to proportioDatttly great a maat of infiormation.'*— IjAmcbt. 

*'Tbs wwrkii esceU«iit» and should be m tha hands of atrery itndent of 
hoaan aaBtoMy.*— Mbdical Tmss. 



AN BLEMENTARY TREATISE. By John Pbrrt, 
C.E., Whitworth Scholar, Fellow of the Chemical Society, 
Lecturer in Physics at Clifron College. With numerous Wood- 
cuts and Numerical Examples and Exercises. i8mo. 41. ^. 

" The young en^eer and those fwjlring for a cessprehennye knowledge 
of the aae» power, and eeoooay of steam, eoold not have a more tiseful 
work, as it is very intelligible, well arranged, and practieal throughont.''— 
IiONHblraBB. 

PHTSIOAb OBO0BAPRT. 

ELEMENTARY LESSONS TN PNYSICAL GEO> 
GRAPHY. By A. Ghkib, F.R.S.^ DirectorGenem of 
the Geological Survey. With numerous Illustrations. Fcap. 
8yOi 4r. 6^. 
QUESTIONS ON THE SAME. u. 6d. 

GBOLOOY. 

ELEMENTARY LESSONS IN GEOLOGY. By the 
same Author. [In preparation. 

OBOORAPHT. 

CLASS BOOK OF GEOGRAPHY. ByC B.CLAWCB, M.A., 
F.L.S., F.G.S. New Edition, with Eighteen Coloured Maps. 
Fcap. 8vo. y. 

NATURAIi PHIIiOSOPHY. 

NATURAL PHILOSOPHY POR BEGINNERS. By 
L ToDHUNTiR, M.A., F.R.S. Part I. The rroperties of 
Solid and Fluid Bodies. i8mo. y. td. 
Part IL Sound, Light» and Heat. i8mo. 3/. 6/. 

MORAIi PHILOSOPRY. 

AN ELEMENTARY TREATISE. By Prof. E. Caird, 
of Glasgow University. \In preparation, 

dz 
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BIAMBNTART CliASS BOOKS CfftUmaui^ 

BUBOTRICITY AND MAONETI8M. 

ELEMENTARY LESSONS IN ELECTRICITY AND 
MAGNETISM, By Prof. Silvanus P. Thompson, of Uni- 
versity College, Bristol. With IIlastratiolUK Fcapw 8vo; 4/. 6^. 

BOUND. 

AN ELEMENTARY TREATISE. By W. H. Stone, 
M.a With ninstratioiu. l8ma 5; * 6</. 

PSYOKOXiOaY. 

ELEMENTAR Y LESSONS IN PSYCHOLOGY. By G. 
C&ooK Robertson, Profetsor of ICentai Philosophy, &c., 
Uniyeisity College, London. [In freparaHon 

AGRICULTURB — ELEMENTS OF A GRICUL TURAL 
SCIENCE. By H. Tanner, F.C.S., Professor of Agricultural 
Science, University College, Aberystwith. Fcap. Svoi. 31. 6</. 

ECONOMICS— 77/^ ECONOMICS OF INDUSTR Y. By A. 

Marshall, M.A., late Principal of University College, Bostui, 

and Mart P. Marshall, late Lecturer at Newsham Hall, 

Cambridge. Extra fcap. 8vo. 7j. 6d, 

"The book is of sterling value, and will be of great usf to students and 
teachers."— ATKBNiBUM. 

Others in Preparation* 

MANUALS FOR STUDENTS. 

Crown 8vo. 

COBBK— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY. By Dr. LuiGi CossA, Professor in the 
University of Pavia. Translated from the Second Italian 
Edition. With a Preface by W. Stanley J EVONS, F.R.S. 
Crown Svo. 41. 6<f. 

DYBR AND ^nvCAW-THE STRUCTURE OF PLANTS. By 
Professor Thisslton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc., Fellow and Lecturer of Cfarist^s College, 
Cambridge; MVith nsmerons mnstimtiaQs. [In preparation. 

PAWOBTT— i4 MANUAL OF POLITICAL ECONOMY. 
By Right Hon. Henry Fawcxtt, M.P. New Edition, 
revised and enlarged. Crown 8vo. iflA 
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MANUALS FOR STUDBNTB Coniimted— 

TUBXnOUStL^A SYSTEM OF VOLUMETRIC ANALY- 
SIS. Translated, with Notes and Additions^ from the second 
German Edition, by M. M. Pattison Muix, F.R.S.E. With 
Illustrations. Crown 8vo. 7^. 6</. 

?1.0WB& (Wi n.)-'AN INTRODUCTION TO THB OSTE- 
. OLOGY OP THE MAMMALIA. Being the substance of 
the Course of Lectures ddivered at the Royal CoU^e of 
Surgeons of England in 187a By Professor W. H. Flowsr, 
F.R.S^F.R.C.S. With numerous Illustrations. New Edition, 
enlarged. Crown 8vo. lor. td. 

rdJiTBlt iMT^ "BKLtontL—PRACTICAL EMBRYOLOGY, 
By Michael FosTElt, M,A., F.R.S., and F. M. Balfour, 
F.R.S. Second Edition, revised and enlarged. 

[In prgparation. 

roSTSK and LANALBT— ^ COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, 
M.D., F.R.S., and J. N. Langlxt, B.A. New Edition. 
Crown Svo. Sf • 

teOOKBR— rffir STUDENT* S FLORA OF THE BRITISH 
ISLANDS. By Sir J. D. Hooker, K.C.S.L, C.B., F.R.S., 
M.D., D.C.L. New Edition, revised. Globe 8vo. lOf. &/. 

UVXIaBY— PHYSIOGRAPHY, An Introduction to the Study of 
Nature. By Professor Huxley, F.R.S. With numerous Illus- 
trations, and Coloured Plates. Third and Cheaper Edition. 
Crown 8vo. 6s. 

nvXlMlBY and MARTIN— i4 COURSE OF PRACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown 8vo. 6s. 

jmvoNB—THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., M.A., F.R.S. New and Revised Edition. 
Crown 8vo. 12s. 6d. 

STUDIES IN DEDUCTIVE LOGIC. By Professor 
W. Stanley Jevons, LL.D., M.A., F.R.S. Crown 8vo. 6j. 
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MAMUAXtS rOK 8YODBNTS 

KENNEDY — MECHANICS OF MACHINERY. Ey 

A. b. W. KxNNXDYy M. Inst. C.E., Pro&atorof Engineering 

and Mechanical Technology in Univenity College, London. 

With Illustrations. Crown 8vo. \In the press, 

KIEPERT— itf MANUAL OF ANCIENT GEOGRAPHY. 

From the German of Dr. H. Kijipkrt. Ciown 8va $;. 

OI.XVBR {Vvotmmmury-FIRSTBOOXOF INDIAN BOTANY 
By Professor Dahisl Oliver, F.R.S., F.L.S., Ketper of 
the Herbarium and Library of the Royal Gardens, Kew. 
With numerous lUustratioiis. Extra fcap. 8va 6r. 6d, 

VhXKMWL^A COURSE OF INSTRUCTION IN ZOOTOMY 
(VERTEBRATA), By T. Jeffrey Parker, B.Sc Lond., 
Professor of Biology in the University of Otaigo. With Illus- 
trations. Crown 8vo. [In the press, 

PARKER anA BBTTANY— r^i? MORPHOLOGY OF 
THE SKULL. By Professor Parker and G. T. Bsttanv. 
Illustrated. Crown 8vo. loif. 6«/. 

ROBINSOW—r^^^Ty^^ ON MARINE SURVEYING. 
By Rev. John L. Robinson, Chaplain and Instructor in the 
Royal Naval Colkge, Greenwich. With Illustrations. Crown 
8vo. [In the press, 

SMITH, KDAM—THE WEALTH OF NATIONS. By 
Adam Smith. Edited with Notes, &c., for the Use of 
Students, by W. Stanley Jevons, LL.D., M.A., F.R.S. 
Crown 8vo. [In preparation, 

T AIT— AN ELEMENTARY TREATISE ON HEAT By 
Professor Tait, F. R.S. £. niustrated. [In the press, 

rVhOU—ANTHROPOLOGY. An Introduction to the. Study of 
Man and Civilisation. By £. B. Tylor, P.C.L., F.R.S. 
With numerous Illustrations. Crown 8vo. Js. 6d 
Other volumes of these Manuals will follow. 

SCIENTIFIC THXT-BOOKS, 

BtkliFOUR— ^ TREATISE ON COMPARATIVE EMBRY- 
OLpOY, By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With lUustratioDS. 
In 2 vols. 8vo. 1 8 J. each. 
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SOXBNTZFIO TBZT-BOOKS ConHftued^ 

BAX.I. (R. S., iLM.\— EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered at the Royal College of Science 
for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal Collet of Science 
for Ireland. Cheaper Issue. Royal 8vo. los. dd, 

BRUNTON — ^ TREATISE ON MATERIA MEDIC A, 
By T. Lauder Brunton, M.D., F.R.S. 8vo. 

\In preparation. 

OJAVniVB—MECffANICAL THEORY OF HEAT By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. los. 6d. 

COTTBRII.L— ^ TREATISE ON APPLIED MECHAN- 
ICS. By James Cotterill, M.A., F.R.S. , Professor of 
Applied Mechanics at the Royal Naval College, Greenwich. 
"With Illustrations. 8vo. \_In preparation, 

DANXBLZ.— ^ TREATISE ON PHYSICS FOR MEDICAL 
STUDENTS. By Alfred Daniell. With Illustrations. 
8vo. \In preparation, 

rOBTBR— i4 TEXT-BOOK OF PHYSIOLOGY. By Michael 
Foster, M.D., F.R.S. With Illustiations. Third Edition, 
revised. 8vo. six. 

GAMGEB— ^ TEXT-BOOK OF THE PHYSIOLOGICAL 

CHEMISTRY OF THE ANIMAL BODY. Including an 

account of the chemical changes occurring in Disease. By 

A. Gamgbe, M.D., F.R.S., Professor of Physiology in the 

Victoria University the Owens College, Manchester. 2 Vols. 

8vo. With Illustrations. VoU I. iSj. 

\Vol. II. in the press. 

G^aBVBAVR— ELEMENTS OF COMPARATIVE ANA- 
TOMY. By Professor Carl Gegenbaur. A Translation by 
F. Jeffrey Bell, B. A. Revised with Preface by Professor 
E. Ray Lankestbr, F.R.S. With numerous Illustrations. 
8vo. 21J. 

fmiKJTSk— TEXT-BOO /C OF GEOLOGY. By Archibald 
GCIKIE, F.R.S., Director-General of the Geological Survey. 
With numerous Illustrations. 8vo. [In the prc's. 
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SOZBNTIFIC TEXT-BOOKS Continued. 

QtU/L-Y—STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are 
added the principles of Taxonomy and Ph3rtography, and a 
Glossary of Botanical Terms. By Professor Asa Gray, 
LL.D. 8vo. 10*. 6d, 

HAiaiI.TON— ^ TEXTBOOK OF PATHOLOGY By D. 

T. Hamilton. 8vo. \In preparation, 

VLXSJjJmB^— THE FERTILIZATION OF PLANTS BY 

INSECTS. By Hermann Muller. Translated by W. 

D'Arcy Thompson, with Preface by Charles Darwin. 

8 vo . [In preparation . 

ffVWGOWB—POPCILAR ASTRONOMY. By S. Newcomb, 

LL.D., Professor U.S. Naval Observatory. Wi& iia lUiis- 

trations and 5 Maps of the Stars. 8vo. i&. 

*' It is unlike anytbing else of its Idod, and tHIl be of mere use ia cir- 
culating a knowledge m astrontnny than nine^^eaths of U» books wbich 
have appeared on ue subject of late yeaxs."—- i5'a/itfn£i|r Review. 

RBVIiBAVac — 7!ffS KINEMATICS OP MACHINERY. 

Outlines of a Theory of Machmet. By Professor F. Rxulkaux. 
Translated and Edited by Professor A. B. W. Kknmxdy, 
CE. With 450 ninstxatioiia. Medium 8vo. %u. 

ROSCOB and SCHORUIMMBR — INORGANIC CHEMIS- 
TRY, A Complete Treatise on Inorganic Chemistry. By 
Professor H. E. RogcoE, F.R.S., and Professor C Schor. 

LEMMER, F.R.S. With numerous Illustrations. Medium 8vo. 
Vol. I.— The Non-Metallic Elements, zu.- Vol. II. Part I.-— 
Metals. i8j. Vol. II. Part II.— Metals. i8f. 
Vol. III.— ORGANIC CHEMISTRY Part. l.-^THE 
CHEMISTR Y OF THE HYDROCARBONS ; and their 
Derivatives or ORGANIC CHEMISTRY. With numerous 
Illustrations. Medium 8vo. 21 J. \Part II, in the press. 

8CHORI.EMMER— ^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. Schorlemmbr, F.R.S.» Professor of 
Chemistry in the Victoria University, the Owens College, 
Manchester. With Illustrations. 8vo. 14/. 

SMITH-^^ DICTIONARY OF ECONOMIC PLANTS. By 
JOHi# Smith. 8vo. [Just ready. 
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SOXBNTXriC TBXT-JiOOKB CamH nutd - 

THORPB AND Bt^OKBR— il TREA VISE ON CHEMICAL 

JPHYSICS, By Professor Thorpk, F.R.S., and Professor 

RdCKER, of the Yorkshire College of Science. Illustrated. 

8vo. [In Reparation. 

ZIBGIiBR— MACAIiISTXR— 7£:^r BOOK OF FAIHO- 

LOGICAL ANATOMY. By Ernst Zikglkr of Zurich. 

' Translated and Edited by Donald MacAlister, M.A., 

D.Sc, Fellow of St John's College, Cambridge. Svo. 

[In I>reparation, 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS, By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. 3;. 6d. 

THE ORIGIN AND METAMORPHOSES OF INSECTS, 
By Sir John Lubbock, M.P., F.R.S., D.C.L. With nume- 
rous Illustrations. Second Edition. Crown Svo. 3^. 6d, 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersoniaa University, 
Glasgow, Illustrated. Crown Svo. jx. dd* 

THE COMMON FROG. By St. Gborob Mxvart, F.R.S. 
Lecturer in Comparative Anatomy at St Mary's Hospital. 
With munerons Qlustratioiis. Ciown Svo.. y. 6d. '. 

POLARISATION OF LIGHT. By W. Spotoswoode, P.R.S., 
With many Illustrations. Seoond Edition. Crown Svo. 3/. 6^. 

ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
Svo. 41-. 6d, 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisrolm, Warden of the Standards. With 
nvmerdus Illustrations. Crown Svo. 4i. 6d. 

HOW TO DRAW A STRAIGHT LINE : a Lecture on Link- 
ages. ByA.B.KsMPB. With Illustrations. Crown Svo. u, 6d. 

LIGHT : a Series of Simple, Entertaining, and Inexpensive Expe- 
riments in the Phenomena of Light, for the Use of Students of 
every age. By A. M. Mayer and C. Barnarix Cipwn Svo, 
with munerons Ulustrations. . zs. 6d, 
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MATUmB 8BRIB8 C MtHmud 

SOUND : a Series of Simile, EaterUining* and Inexpensive Ex- 
periments in the Phenomena of Seund, for the use of Students 
of every age. Bj A. M. Maykh, Professor of Physics in 
the Stevens Institute of Technology, &c. With nomeroiis 
ninstrations. Crown 8vo. y, 6d, 

SEEING AND THINKING. By Professor W. K. Clifford. 
F.R.S. With Diagrams. Crown 8vo. y. td. 

DEGENERATION, By Prof. E. Ray Lankbster, r.R.S. 
With illustrations. Crown 8vo. 2x. 6^. 

FASHION IN DEFORMITY, as Ilhistrated in the Customs of 
Barbarous and Civilised Races. By Prof. Flower. With 
Illustrations. Crown 8vo. 25, 6d. 

ON THE COLOUR OF FLOWERS, By Grant Allen. 
With Illustrations. Crown 8vo. [In preparaiiom. 

Other volumes to follow. 

EASY LESSONS IN SCIENCE. 

Edited by Prof. W. F. Barrett. Extra fcap. 8vo. 

HE A T. By Miss C. A. Martinbau. Illustrated. 2s, 6d, 
LIGHT. By Mrs. Awdry. Illustrated. 25, 6d. 
ELECTRICITY. By Prof. W. F. Barrvtt. [/e p9!tpareUiom, 

SCIENCE LECTURES AT SOUTH 
. KENSINGTON. 

VOL. I. CnatiiinMig Lectues liy Capt Abniy, Prof. Stokes, 
Fftif. KiififXDY, F. O. Beam WELL, Frol G. Forbes^ H. C. 
SosBY, J. T, BoTTOHLBYt S. |I. ViNEs^ and Prof. Carey 
Foster. Grown 8vo. 6r. 

VOL. II. Containing Lectures by W. Spottiswoodb, P.R.S., 
ProL Forbes, Prof. Pigot, Prof. Barrett, Dr. Burdon- 
Sanderson, Dr. Lauder Brunton, F.R.S.» Prof. Roscoe, 
and others. Crown 8vo. 6/ . 

MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8vo. Illustrated. ^. each. 

WHAT THE EARTH IS COMPOSED OF. By Piofesm 
RoscoE, F.R.S. 

THE SUCCESSION OF UFE ON THE EARTH. By 
Professor Williamson, F.R.S. 

WHY THE EARTH'S CHEMISTRY IS AS IT IS. By 
J. N. LOCKYBR, F.R.S. 

Also oomplete in One Volume. Crown 8vo. doth. 3i. 
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AjaaUMJ^lB;R-'£LEAfENTAIi Y APPLIED MECHANICS; 
being the simple and xnbre practical Cases of Stress and Strain 
wrought out individually from first principles by means of 
Elementary Mathematics. By T. Alsxandbr, C.E., Professor 
of Civil Ei^[ineering in the Imperial College of Engineering, 
Tokei, Japan. Crown 8vo. 4^. &/. 

VBtTAXn.—FI/iST LESSONS IN PRACTICAL BOTANY, 
By G. T. Brttany, M.A., F.L.S., Lecturer in Botany at 
Guy's Hospital Medical School. i8mo. is, 

miMANTORJ>^TN£ RUDIMENTS OF PHYSICAL GBO^ 
GR A PHY FOR THE USE OF INDIAN SCHOOLS : with 
a Glonaiy iof Technical Terms employed. By H. F. Blanvord, 
F.R.S. New Editioii, with Olustxations. Globe 8vo. ar. 6d, 

WTBXSnrt-^UNITS AND PHYSICAL CONSTANTS, By 
]. D. EvKR£TT, F.R.S., Professor of Natural Philosophy, 
Queen's College, Belfast. Extra feap. 8vo. 4/. 6d, 

QMIKIT^.'^OUTLINES OF FIELD GEOLOGY. By Pkol. 
Gbixie, F.R.S. With Illustrations. Extra fcap. 8vo. 3x.&/. 

lOkMnAUVB^BLOlVPIPE ANALYSIS, By J. Landaubr. 
Authorised English Edition by J. Taylor and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8vo. 4/. 6d, 

UVtWL—PRACTICAL CHEMISTRY FOR MEDICAL STU* 
DENTS. Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R,S.E. Fcap^ 8vo. is. 6d. 

WMMMJ^miom-'OUTZINES OF PHYSIOLOGY IN ITS 
RELATIONS TO MAN. By J. G. M'Kbndrick, M.D., 
- 'F.R.S.E. With niustrationa. Ciown 8vo. 12s. 6d. 

mU^MA-^TUDIES IN COMPARATIVE ANATOMY, 

Na X.— The Sknll of the Crocodile : a Manual for Students. 
By L. C MiALi^'Professorof Biology in the Yorkshire College 
and Curator of the Leeds Museum. 8vo. %s. td. 
No. IL^Anatomy of the Indian Elephant. By L. C. Miall 
and F. Grxxnwood. With Illustrations. 8vo. 5^. 

nVLAMn-'AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shamn, M.A. WithlllustKStions. Crown 8vo. 41. 6d. 
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X—FIRST PRINCIPLES OF AGRICULTURE. Bj 
H. Tanner, F.C.S., Professor of Agricultural Science« 
UniTCnity CoU^;e, Aberystwith, &c. I.Smo. is» i 

TffE PRINCIPLES OF AGRICULTURE: a Series of 
Reading-Books for use in Elementary Schools. Fi-epared by' 
Professor Tanner. Extra fcap. 8vo. 

I. The Alphabet of the Principles of AgricuUiure. M 
II. Further steps in the Principles of Agriculture, if. 

ELEMENTS OF AGRICULTURAL SCIENCE. Fcap. 
8vo. 3J. 6d, 

WRiaUT^AfETALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C, Alder Wright, D.Sc,, &c. 
Lecturer on Chemistry in St Mary's Hospital Medical SchooL 
Extra fcap. 8va jx. 6(i, 

HISTORY. 

ARNOLB-r^^ ROMAN SYSTEM- OF PROVINCIAL 
ADMINISTRATION TO THE ACCESSION OF CON- 
STANTINE THE GREAT. By W. T. Arnold, B.A. 

Crown 8Vo. dr. 

"Oueht to prove a valoAble handbook to the . student of 'Roman 
hiitory.— OvARDiAW. 

B^l^sur-^TORIES FROM THE MIS TORY OF ROME. 

By Mrs. Bkesly. Fcap. 8vo« 2s. 6d. 

" The attempt appears to us in every way suecessfiil. The stories aire 
iAterastinif m themselves, mhd are told with p er fe ct stmpKdtr and good 
leelinK."— Daily Nsws. 

iAKOOK'-FRENCH his TOR YFOR ENGLISH CHILDREN 
By Sarah Brook. With Coloured Maps. Crown 8voi -6*. 

FREEMAN (EDIVARD K.y-OLD-ENGLISH HISTORY. 
By Edward A. Frbkman, D.CL;, LL.D., late TeQow of 
Trinity College, Oxford. With Five Coloured Map& New 
Edition. Extra feap. 8vo. half-bound. 6/. 

OiKEXH^A SHORT HISTORY OF THE ENGLISH 

PEOPLE. By John Richard Green, M.A., LL.D. With 

Coloured Mapi, Genealogical Tables, and Chtonolpgical 

Annals. Crown Sva 8f« 6d. Eightieth Thousand. 

" Stands alone as the one general history of the country for the sake 
of «duch all others, if young and old are woe, will be speedily and surely 
set aside."— AcADBMY. 
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GREBN Continued— 

READINGS FROM ENGLISH HISTORY. Selected 
and Edited by John Richard Green, M.A., L]UD., 
Honorary Fellow of Jesus College^ Oxford. Three Parts. 
Globe 8yo. i^. 6iL each. L Hengist to Cressy. IL Cressy 
to Cromwell. HI. Cromwell to Balaklava. 

Cxr^m— LECTURES ON THE HISTORY OF ENGLAND. 
By M. J. GuKST. With Maps. Crown 8vo. 6s. 

*'It is not too much to assert that this is one of the very best class books 
of English History for young students ever published. "^Scotsman. 

HISTORIOA& COURSB FOR 8 CHOOIiB — Edited by 
. Edward A. Frbsman, D.CL., late Fellow of Trinity 
College, Oxford. 

L GENERAL SKETCH OF EUROPEAN HISTORY. 

By Edward A. Freeman, D.C.L. New Edition, revised 

and enlarged, with Chronological Table, Maps^ and Index. 

tSmo. doth. 3J. td, 

** It supplies the great want of a good foiindatioa for Ustorical teaching. 
The scheme is an axcdlcnt one, and tlas instalment has been ezeented u 
a way that proBBises much for the vdiiiafli that are yet te aHwar.*^— 
Educational Timks. 

IL HISTORY OF ENGLAND. By Edith Thompson. 
New Edition, revised and enlarged, with Coloured Maps. i8mo. 

in. HISTORY OF SCOTLAND. By Margaret 
Macarthxtr. New Edition. i8mo. 2x. 

"An ezcdlent summary, tmimpeaehable as to facts, and puttiiig them 
in the dearest and most fanpartial light attainable."— Gdaxdiah. 

IV. HISTOR Y OF ITAL Y. By the Rev. W. Hunt, M. A. 
i8mo. %5. 

"It possesses the same solid merit at its predeeesson • ; • • the. same 
scrupulous care about fidelity in details. ... It is distingmshed, too, by 
information on art, architecture, and social politics, in which the writer^ 
grasp is seen by the firmness «hd clearness o£ hit tooch*— Educational 

TlMBS. 

V. HISTORY OF GERMANY. By J. SiME, M.A. 

l8mo. 3^. 

"A remarlcably clear and impresnve history of Genumy. Its great 

' events are wisely kept as central figures, and the smaller events are care- 

fiilly kept, not only subordinate and subservient, but most skilfully woven 

into the texture of the historical tepestry presented to the eye."— 

Stambasd. 

VI. HISTORY OF AMERICA. By John A. Doyle. 

With Mapg. i8mo. 4r. 6a, 

" Mr. Doyle has performed has task with admirable care, luliMsS; and 
clearness, and £or tM first time we have for schools an aocumte and inter- 
esting history of America, firom the earliest to the present time.**— 
Stamdaxd. 
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HISTORIOAIa COVRSB FOR 8CBOOI»S Contmuid'- 

EUROPEAN COLOAIES, hy E. J. Payn«, M. A. With 

Maps. iSmo. 41. 6d, 

**We have Mldoin met «ith «i butoriao cftpableoC fbrmbg a mon 
comprehensive, fiar-sedof , and unprejudiced estimata of events and 

5eople9, and we eao coiruneod this httle work m one certain to prove ol 
le nighest interest to all thoughtful readers. "—Tucas. 

FRANCE. By Cha&lottx M. Yonqx. With Mapt. iSmo. 

" An admaraUa text-book i<x the lecture room."— Acadbmy. 
GREECE. By Edwajrd A. !• rkbman, D.C.L. 

[In firepofiaikfL, 

ROME. By Edward A. Frskman, D.C.L. [Intfupras. 

HISTORY PRIM8RS— Edited by JOHN RiCHARD Grxrn. 
Author of <* A Short History of the English People." 

ROME. By the Rer. M. Crbighton, M.A., late Fellow 

and Tutor of Merton College, Oxford. With Eleven Maps. 

18111a IS, 

** Hie author has beta emiowlf Meoe«lbl ia teSitf in an hilell^ 
feat way th« Mory of Rome faoa flnt to . last"— Scmooc Boabd 
Chronicul 

GREECE. By C. A. Ftpfs, M.A., Fellow and late Tutor 

of Unxverrity College, OxfonL With Five Maps. iSmo. u. 
""We five o«v nnquaiififid praisa to this Utile nannaf-^Sciiooi^ 



EUROPEAN msTORY. By E. A. FRRXMAff, D.C.L.. 

LUD. With Maps. iSmo. iJti 

*'The «wk is always cUar, aad Cocan a Itnaiaoa* kay ^ lnwepiuia 
kitto(y-''-*SaiooL Buaxo CMRomcuu 

GREEK ANTIQUITIES, l&j the Rqr. J. P. Mahafpt* 

M.A. niustiated. fSmo is. 

"All that is necemary fcr the scliolar to know is told so eonpadhr yw 
so fully, and in a style so iotermtting, that it is impossibla Aw ewen tha 
dullest boy to look on this little worit mthe sane light as he reganb bis 
other school books. "— ScMooutASTsa. 

CLASSICAL GEOGRAPHY. By H. F. Tozbr, M.A. 
iSmo. u. 

"Another valuable dd to tha study of tha ancient world. ... It 



cooiaina an enorasoos i|tiantity of infoniation c»scked into a sauU apaca. 



aad at iha Kama tiaiacwMinicated in a vary readable shape "—Joini wtUL. 

GEOGRAPHY. By GiORGS Grovr, D.CL. WUh Maps. 
iSmo. IS. 

** A aiQ^el of what such a work should ba .... we kaow o( no short 
tiaatise better toited to infuse life and qiiric into the dull lists of proper 
naoMs of which our ordinary class-books so oftsa alaaest asalwifwy 
eondsL''*-TiMBa. • 
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BISTOIIT PmXMUUI Cemtimted^ 

ROMAN ANTIQUITIES. By Professor Wilkins. IHus- 

trated. iSmo. i«. 

** A fittle book that throws a blan of light on Roman History, and 
iSf moreovor, intteseiy VBUpnsAatL.'*'^Sclluii BMtrd Chuvmelt, 

FRANCE, By Charlottb M. Vongx. i8mo. u. 

"May be consider^ a wonderfuHy successful piece of work. « . . . Its 
general merit as .a ^orotts and clear sketch, giving in a small space a 
vivid idea of the history of Frande, remains undeniable.*'— SATUaDAV 
Rbtibw. 

In prepassdon :-«• 

ENGLAND, By J. R. Grxsn, M.A. 

LETRBRIDGS— i4 SNORT MANUAL OF THE HISTORY 
OF INDIA. With an Account of Ind^a as IT is. The 
Soil, Climate, and Productions; the Peo{:rte, their Ratees, 
Religions, Public Works, and Industries ; the Ctvil Services, 
and System of Administration. By RoPSR Lethbridgb, 
M.A., C.I.E., late Scholar of Exeter College, Oxford, formerly 
Principal of Kishnaghur College, Bengal, Fellow and sometime 
Examiner of the Calcutta University. With Maps. Crown 
8vo. 5x. 

MIOHBI.BT— ^ SUMMARY OF MODERN HISTORY. 
Translated from the Frtndi of M, BdUCHXLST, and contmned to 
the Prespit Time, by M. C. M. Simpson. Globe 8va 4/. 6^. 

OVTiLSCANDINAVIAN HISTORY. By E. C Orrt. 
With Maps; Globe 8vo. 61. 

PAXna^FICTURES OF OLD ENGLAND. .By Dr. R. 
Paulx. Translated with the sanction of the Aathor by 
E. C Orri. Cheaper Edition. Crown 8va 6s. 

RAMSAY-*-^ SCHOOL HISTORY OF ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. [In priparaHoH. 

TAtT— ANAL YSIS OF ENGLISH HISTOR K, based <» Graen's 
•• Short Hbtory of the English Peoirfe." By C W. A. Tait, 
M. a., Assistant-Master, Clifton CoUege. Crown 8vo. 31. &/. 

WHBBlbBR-.^ SHORT HISTORY OF INDIA AND OF 

THE FRONTIER STATES OF AFGHANISTAN, 

NEPAUL, AND BURMA. By J. Talboys Wmbblss. 

With Maps. Crown 8vo. i2j. 

* " It is the best book of xhe kind we have ever seen, and we recommend 

it to a place in every school library."— Educational Times. 
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TONOB (OHAKXiOTTB M.)— >< PARALLEL BISTORY O? 
FRANCE AND ENGLAND : consistiiig of Ontlines and 
Dates. By Charlottb M. Yongb, Author of " The Heir 
of Reddyffe," &c, &c. Oblong 4to.3f.6dil 
CAMEOS FROM ENGLISH fflSTORY. ^FKOU 
ROLLO TO EDWARD H. B7 the Author of '<The Heir 
of Reddyfie." Extni fcap. 8to. New Edition. 5/. 
A SECOND SERIES OF CAMEOS FROM ENGLISH 
NISTORY'-TKE WARS IN FRANCE. New EditioD. 
Extra fcap. Svo. 51. 

A THIRD SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE VfARS OF TBEKOSE&. New Edition. 
Eitra fcap. 8to« 51. 
. i< ^)927J?r^ 5'^ie/S.S^REFORMATION TIMES. Extra 
. Fcap. Sto. 5^. 

EUROPEAN HISTORY. Nanated in a Seiiea or 
Historical Selectiona from the Best Authorities. Edited and 
arvanged by E. BC Sxwxxx and C Bf. YoNOV, First Series, 
1003—1154. Third Edition. Crown Bra 6r. Second 
Seriesb io88-*i8ai8. New Edftion, Crown Sva &• 

DIVINITY. 

^J^ For other Works by these Authors, see Theological 

Catalogux. 

ABBOTT (RBV. B. A.^-BIBLE LESSONS. "Bif the Re?. 

E. A. Abbott, D.D., Head Master of the City of London 

School New Edition. Crown 6va 41. &/. 

— OUAKBIAN. 

ABNOLD— ^ BIBLE'READING FOR SCHOOLS^TBB 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xL — Ixvi.). Arranged and Edited for Young 
Learners. By Matthbw Arnold, D.CI*, fonneri^ 
Professor of Pbetry in the University of Oxlord, and Fellow 
of Oriel New Edition. i8mo. do^ is. 
ISAIAH XL.—LXVL With the Shorter Propheciai allied 
to it Anaaged and Edited^ with Notes, by Matthew 
Arnold. Crown 8vo. 5j. 

CHBBTBAM~i4 CHURCH HISTORY OF THE FIRST 
SIX CENTURIES, By the Yen. Abchdkaoon Chbkt^ 
HAM. Crown Svo. [In the press * 
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CVUTBIS^MANUAL OF THE THIRTYNTNE AR- 
TICLES, By G. H. CtTRTEls, M.A., Principal of the 
Lichfield Theological College. [In preparation, 

GILBKOXK—rffE CHILDREN* S TREASURY OF BIBLE 
STORIES. By Mrs. Herman Gaskoin. Edited with 
Prefece by the Rev, G. F. Maclear, D.D. Part I.— OLD 
TESTAMENT HISTORY. i8mo is. Part II.— NEW 
TESTAMENT. i8mo. is. Part III.— THE APOSTLES : 
ST. JAMES THE GREAT, ST. PAUL, AND ST. JOHN 
THE DIVINE. i8mo. is, 

•OXiDBN TRBASUKT PSAXiTBR— Students' Edition. Being 
«n Edition of "The Psalms Chronologically Arranged, by 
Font Friends," with briefer Notes, i&na 3^. 6d, 

aREEK TB8TAMBNV. Edited, with Introduction and Appai- 
dices, by Canon Wbstcott and Dr. F. J. A. Hort. Two 
VoK Crown 8vo, los, 6d. each. 
Vol. I. The Text. 
Vol. II. Introduction and Appendix. 

BARifViriCK— Worics by Archdeacon Ha&dwick. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modem history in the Uniyerdty of Oxford. 
With Four Maps. Fourth Edition. Crown 8yo. lor. td, 

A HISTOR Y OF THE CHRISTIAN CHURCH DURING 
THE REFORMA TION, Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8vo. lor. dd, 

KXHQr-CHURCH HISTORY OF IRELAND. By the Rev. 
Robert King. New Edition. 2to1s. Crown 8vo. 

\In priparation, 

MAOLBAR— Works by the Rev. G. F. Maclxar, D.D., 
Warden of St. Augustine's College, Canterbury. 
A CLASS-BOOK OF OLD TESTAMENT HISTORY. 
Vew Edition, with Four Maps. i8mo. 4/. 6d. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, 
including the Connection of the Old and New Testament 
Wttii Four Maps. New Edition.* l8ma 5i>. &f. 

d 
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MAOIiBAR Contimted^ 

A SHILLING BOOK OF OLD TESTAMENT 
HISTORY, for National and Eldnentary Schools. Wah 
Map. iSma doth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

These works have been carefully abridged from the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. New Ed. iSmo. doth. is. 6d. 

A FIRST CLASS-BOOK OF THE CATECHISM OF 
THE CHURCH OF ENGLAND, with Scripture Prooft, 
for Junior Classes and Schools. New EdWon. iftna M 

A MANUAL OF INSTRUCTION FOR CONFIRMA^ 
TION AND FIRST COMMUNION. WITH PRA VERS 
AND DEVOTIONS 33ma doth extra, red edges, sx. 

MAURIOB— r^iS: LORiyS PRA YER, THE CRESD^ AND 
THE COMMANDMENTS. Manual for Parents and School- 
masters, To wfaidi is added the Order of the Scriptures. By the 
Rev. F. DiNUON Mavrjcx, M.A. iSmo. dodi. limp. u. 

PBboTBB— ^ HISTORY OF THE BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Paancis 
Procter, M.A. Fourteenth Edition, revised and enlarged. 
Crown 8va lor. td. 

PROOTBR Ann vlkoJm'BASL'-AN ELEMENTARY INTRO- 
DUCTION TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 
Rev. F. Procter and the Rev. Dr. Maclxar. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 2f. 6tL. 

PBAIiMS OP DAVID ORBONOIiOOICAXiLT ARRAIf«BD. 
Br Fonr Frl«n4B. An Amended Version, with Historic^ 
Introduction and Explanatory Notes. Second and Cheapen 
Edition, with Additions /md Cocrcctions. Cr. 8vo. &• M 
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WLAMBKr^TffBCATECIIISES^S MANUAL; or, the Church 
Catechism Illttstrated and Explained, for the Use of Qergy- 
men, Schoolmasters, and Teachers. By the Rey. Arthur 
Ramsay, M.A. New Edition. i8mo. u, 6iL 

niWVmoiS'-AN EPITOME OF THE HISTORY OP THE 
CHRISTIAN CHURCH. By William Simpson, M.A. 
New Edition. Fcap. 8vo. y, 6d, 

TRBNOH— -By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectures delivered at Queen's College, 
London. Second Edition, revised. Svo. I2j. 
SYNONYMS OP THE NEW TESTAMENT. Ninth 
Edition, revised. 8to. i3x. 

WBSTOOTT— Works by BROOKS Foss Wkstcott, D.D., Canon 
of Peterborough. 

A GENERAL SURVEY OP THE HISTORY OP THE 
CANON OP THE NEW TESTAMENT DURING THE 
PIRST POUR CENTURIES. Fourth Edition. With 
Preface on "Supernatural Religion." Crown 8va lotr. 6d. 
INTRODUCTION TO THE STUDY OP THE POUR 
GOSPELS. Fifth Edition. Crown 8vo. lOir. 6d. 

THE BIBLE IN THE CHURCH. A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. iSmo. cloth. 

WBSTCOTT— HORT-7'^.E NEW TESTAMENT IN THE 
ORIGINAL GREEK, The Text Revised by B. F. Westcott, 
D.D., Regius Professor of Divinity, Canon of Peterborough, 
and F. J. A. HoRT, D.D., Hulsean Professor of Divinity; 
Fellow of Emmanuel College, Cambridge : late Fellows of 
Trinity College, Cambridge. 2 vols. Crown Svo. los. 6d. each. 
Vol. I. Text, 
Vbl. II. Introduction and Appendix. 

WtLMOV—THE BIBLE STUDENT'S GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to. 
doth. 8p. 

d 2 



$2 BfACMILLAN'S EDUCATIONAL CATALOGUE 

Z 

YONCIB (OHARIiOTTB VLySCRIPTl/XE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlotte M. Yongb. 
Author of "The Heir of Reddyffe." In Five Vols. 
First Series. Genesis to Deuteronomy. Extra fcap 
8vo. i^. 6d, With Comments, 3^. &/. 

Second Series. From Joshua to Solomon. Extm fcap. 
8vo. u. 6d, With Comments, y, Sd, 
Third Series. The Kings and the Prophbts. Extra fcap. 
8yo. IS. 6d. With Comments^ 31. 6ii. 

FouiKTH Series. The Gospel Times, u. 6d. With 
Comments, ettra fcap. 8to., p. 6d. 

Fifth Serj[es. Apostolic Times. Extra fcap. Sto. is, 6d 
With Comments, 3^ . 6d. 

MODERN LANGUAGES? ART, ETC. 

ABBOTT— i4 SHAKESPEARIAN GRAMMAR. An Atten^t 

to illustrate some of the Differences betwecin Elizabethan and 

Modern English. B7 the Rer. E. A Abbott, D.D.» Head 

Master of the City of London School New Edition. Extra 

. fcap. Svo. 6f. 

kXiVBMMOTIk— LINEAR PERSPECTIVE, AND MODEL 
DRAWING. A School and Art Class Manual, with Questions 
and Xeroses for Examination, and Examples of Examination 
Papets. By Laurence Anderson. With lUnstrations. 
Royal 8to. 2s. 

nKBXXWL— FIRST LESSONS IN THE PRINCIPLES OP 
COOKING. By Lady Barker. New Edition. i8mo. is. 

BOVmn-FIRST LESSONS IN FRENCH. By H. CouR- 
thoPe Bowkn, M.A. Extra fcap. 8vo. is. 

BBAUMARCHAIS— Z^ BARRIER DE SE VILLE. Edited, 
with Introduction and Notes, by L. P. BloUET, Assistant 
Master in St Paul's School. Fcap. 8vo. 3J. 6^/. 

BEBNER8— ^Zff^T- LESSONS ON HEALTH. By J, Ber- 
NERS. New Edition. iSmo. ix. 

BI.ARISTON— 7!^^ TEACHER. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M. A Crown Sto. 
2x. 6</. (Recommended by the London, Birmingham, and 

Leicester School Boards.) 

" Into a comparatively small book he has crowded a groat deal of ex- 
ceedingly useful and sound advice. It is a plain, common<4ense book, 
full of hints to the teacher on the maaagemcot of his sdiool and his 
dilldren. — School Board Chkoniclb. 
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BRSYMANN — ^Works by Hermann Breymann, Fh.D., Pro- 
fessor of Philology in the University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES, Second Edition. Extra fcap. 8vo. 4J. 6d, 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. 8vo. 

BROOKB— MILTON. By Stopford Brooke, M.A. Fcap. 
8vo. IS. 6d. (Green's Classical Writers.) 

BXmJSM—HaDIBRAS. Part 1. Edited, with Introduction 
and Notes, by Alfred Milnbs, B.A. Crown Svo. 3^. 6d. 

CAMBRIDGE UNIVERSITY ALMANACK AND RE- 
GISTER FOR 1881, being the Twenty-ninth Year of 
Publication. Crown 8va 3^. &. 

QMOiESKW^Ol^^HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Caldbrwood, LL.D., Professor of 
Moml Philosophy, University of Edinburgh. Suth Edition. 
Crown 8vo. 6tr. 

COLI.IBR— ^ PRIMER OF ART. Witii Illustrations. By 

John Collier. i8mo. \s. 
OKnTSr-THE PURGATORY OF DANTE. Edited, with 

Translation and Notes, by A. J. Butler, M.A., late Fellow 

of Trinity College, Cambridge. Crown 8vo. 12s, 6d, 
OBI.AMOTTB— u4 BEGINNERS DRAWING BOOK. By 

P. H. Delamottb, F.S.A. Progressively arranged. New 

Edition improved. Cxown Svo. 3^ . td. 

VBnimH-^ELECT PROSE WORKS. Edited, with Intro- 
duction and Notes, by Professor C. D. Yonge. Fcap. Svo. 

[/« preparation . 

TABUACnT—THE ORGANIC METHOD OF STUDYING 
LANGUAGES. By G. Eugene Fasnacht, Author of 
*' Macmillan's Progressive French Course," Editor **Mac- 
millan's Foreign School Classics," &c. Extra fcap. Svo. 
L French. 3^. 6</. 

A FRENCH GRAMMAR FOR SCHOOLS. By the same 
Author. • [In preparation. 

TAWOVn— TALES IN POLITICAL ECONOMY. By 
Millicbkt Garrett Fawcbtt. Globe Svo. 3^. 
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VBAJBLO^-^CJiOOL INSPECTION. By D. R. FsiULOM, 
M.A, Assistant Commissioner of Endowed Schools, Third 
Edition. Crown 8vo. 2s. td, 

FREDERICK— ^/A^TIS" TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION 
OF ECONOMICAL AND TASTEFUL DISHES. By 
Mrs. Frederick. Crown 8vo. 2s, 6d, 

^ ** This unpretending and useful little volume distinctly supplies a de- 
sideratum. .... The author steadily keeps in view the simple aim of 
'making every-day meals at home, particulariy the dinner, attractive/ 
* without adding to the ordinary household expenses." — Saturday Revietv, 

aULl^BTOViia— SPELLING REFORM FROM AN EDU^ 
CATION AL POINT OF VIEW, By J. H. Gladstone, 
Ph.D., F.R.S., Member of the School Board for London. 
New Edition. Crown 8vo. is, 6d, 

QOlM-DUlAlTn^THE TRA VELLERf or a Pkospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
smith. With Notes Philological and Explanatory, by J. W. 
Hales, M.A. Crown 8to. 6d. 

QOJmJ>SV11TU^S£LECT ESSA YS. Edited, with Introduction 

and Notes, by Professor C. D. YoNGE. Fcap. 8va 

[In preparation. 

QIKAXkJi'YLOViflL^—CUTTING'OUT AND DRESSMAKING. 

From the French of Mdlle. £. Grand'homme. With Dia. 

grams. i8mo. u. 
aBEBN-^ SHORT GEOGRAPHY OF THE BRITISH 

ISLANDS. By John Richard Green and Alice 

Stopford Green. With Maps. Fcap. 8vo. y. 6d. 

The Times says : — " The method of the work, so far as real instruction 
is concerned, is nearly all that could be desired. ... Its great merit, in 
addition to its scientific arrangement and the attractive style su fiiuniliar 
to the readers of Green's Short History is that the facts are so presented 
as to compel the careful student to think for himself. . . '.The work may 
be read with pleasure and 'profit by anyone ; we trust that it will gradually 
find its way into the higher forms of our schools. With this text-book as 
his guide, an intelligent teacher mi^ht make geography what it really ia-^ 
one of the most interesting and widely-instructive stuaies." 

VLhXXM—LONGER ENGLISH POEMS, with Notes, Philo- 
logical and Ejiplanatory, and an Introdnction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A., Professor of English Literature at King's 
College; London. New Edition. Extra fcap. 8vo. 41. &/. 

HOI.B— ^ GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Rev. C HOLB. 
On Sheet, is. 
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JOBMSOlf' • UVSS OF THE POETS. The Six Chief lives 
(MiltoAy Dryden, Swift^ Addison, Pope, Gray), with Macaulay's 
''Life of Johnson." Edited with Pre£M:e by Matthkw 
Arnold. Crown 8vo. dr. 

LITSKATURB PKIMBRB-rEdited by JOHN RICHARD GrSXN. 
Author of " A Short History of the English People." 
ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D.; 
sometime President of the Philological Society. i8mo. 
doth. IJ. 

ENGLISH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C BowxN, M.A. i8ma ij; 
THE CHILDREN'S TREASURY OF LYRICAL 
POETRY. Selected and arranged with Notes by Francis 
TuRNXR Palgravx. Li Two Parts. i8mo. is. each. 

ENGLISH LITERATURE. By Stopford Brookx, 
M.A. New Edition. i8mo. u. 
PHILOLOGY. By J. Pxilb, M.A. i8mo. u. 
GREEK LITERATURE. By Professor Jsbb, M.A. i8ma u. 
SHAKSPERE. By Professor Do wdxn. i8mo. u. 
HOMER. By the Right Hon. W. £. Gladstonx, M.P. 
i8mo. u« 

ENGUSH COMPOSITION. By Professor NiCHOL. l8mo. 
u. 

EXERCISES ON MORRISES PRIMER OF ENGLISH 
GRAMMAR. By John Wetherell, of the Middle 
School, Liverpool College. i8mo. is. 

In preparation : — 

LA TIN LIT ERA TURE. By Professor Sxxlxy. 
HISTORY OF I HE ENGLISH LANGUAGE. By 
J. A. IL Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE. 
To Illostrate the above. By the same Author. 

MAOMIIilakN'8 OOFY-BOOKS-i 

Pabiished in two sizes, vis. :— 

1. Laige Post 4to. Price 41^. each. 

2. Poet Oblong. Price 2^. each. 

L INITIATORY EXERCISES 6* SHORT LETTERS. 
•a. WORDS CONSISTING OF SHORT letter:^. 
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•3. LONG LETTERS, With words containiiig Long 
Letters — ^Figures. 

•4. WORDS CONTAINmO LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK, For 

Nos^ I to 4. 

•5. CAPITALS AND SHORT HALF-TEXT, Words 
beginning with a CapitaL 

*6. HALF'JEXT WORDS, beginning with a Capital- 
Figures. 

*7. SMALL^HAND AND HALF-TEXT. WtHh Capitals 
and Figured 

*8. SMALL'HAND AND HALF-TEXT. With Capitals 

and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For 

Nos. 5 to 8. 

•9. SMALL-HAND SINGLE HEADLINES— Ty^axti. 

10. SMALL-HAND SINGLE HEADLINES— Fi^ax^ 
•11. SMALL-HAND DOUBLE HEADLINES— Jig^vnM. 

If. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, 6fc. 

12a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 8 to 12. 

* Theu numbers may be had toith Gpodnuuis PaUtU SUding 
Copies. Large Post 4ta Price 6d. each. 

MACMILIJiN'8 PROGRESSIVB FRBNOH COURSB— By 

G. £ug£:nb-Fasnacht, Senior Master of Modem Languages, 
Harpur Foundation Modem School, Bedford. 

I. — First Yxak, containing Easy Lessons on the R^iular Ac- 
cidence. Extra fcap. 8vo. is. 

IL — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary, ix. 6d, 

III. — Third Ysar, containing a Systematic Syntax, and 
Lessons in Composition. Extra fcap 8va 2s. td. 
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MACMIIiIJ^N'S PROGRBSSIVB FRBNOB RSABBBS- 

By G. EUGfcNE-FASNACHT. 

I.— First Year, contaiDing Tables, Historical Extracts, 
Letters, Dialogues, Fables, Ballads, Nursery Songs, &c., 
with Two Vocabularies : (i) in the order of subjects ; (2) in 
alphabetical order. Extra fcap. 8vo. 2x. 6d, 

II. — Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive* Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. Svo. 2s, 6d, 

klAOMXMJLAM'm FBOOBBBKVa mmMMMM OOOBBS— By 
G. EuGtNX Fasnacht. 

Part I.— First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. Sva is, 6d, 

Part XL— $xooNO YxAR. Converaatioiitl Lesiont in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
lUwtratioDt and Etymological Vocabnlary. Extra fcap. 
8vo. 2J, 

MAOMIUJIN'8 FOREIGN BOHOOXi CLA88I08. Edited by 
G. EuG^NB Fasnacut. i8mo. 

rRBNCH. 

CORNEILLE—LE CID. Edited by G. E. Fasnacht. is, 

MOLlkRE-^LES FEMMES SAVANTES. Edited by 
G. E. Fasnacht. is, 

MOLlkRE-^LE MISANTHROPE, By the same Editor. 
\s* J [Immediaiely, 

MOUkRE-^LE MlDECIN MALGR& LUL By the 
same Editor. * \In preparation, 

MOLlkRE-^CA VARE, Edited by L. Moriarty, B. A., 
Assistant-Master at Rossall. \In the press, 

SELECTIONS FROM FRENCH HISTORIANS. Edited 

■ 

by C. CoLBECK, M.A., late Fellow of Trinity College, Cam. 
bridge ; Assistant^Master at Harrow. [In preparation 

SANDy GEORGE -^ LE MARE A U DIABLM. Edite 
by W. £. KvssBLL^ M*A., Awistant Master ia Haileybury 
College. \fnpr$pa(rvtum. 
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VOLTAIRE^CHARLES XII. Edited by G. E. Fasnacht. 

\Ih pi^gpOifuiioH, 
GRAMMAR AND GLOSSARY OF THE FRENCH 
LANGUAGE IN THE SEVENTEENTH CENTURY^ 
By G. £. Fasnacht. \In fir^araticn. 



GOETHE— GOETZ VON BERL2CHINGEN. Edited 
by H. A. Bull, B. A., Assistant-Master at Wellington. 

[In preparation* 

HEINE-^SELECTIONS FROM THE PROSE WRIT 
INGS, Edited by C. CoLBBCK, M.A. [In preparation, 

SCHILLER— MAW OF ORLEANS. Edited by Josiph 
GosTWiCK. [In preparation, 

SCHILLER-^MARY STUART. Edited by C. Shbldon» 
M .A., D.Lit., Assistant-Master in Clifton College. 

[In preparation* 
UHLAND — SELECT BALLADS. Edited by G. E. 
Fasnacht. [In preparation* 

SELECTIONS FROM GERMAN HISTORIANS. By 
the same Editor. Part I. — ^Ancient History. [In preparaHonm 

%* Other volumes to follow. 

mARTlV^ THE POETS HOUR: Totbj selected tad 
arranged for Children. By Frances Martin. Third 
Edition. iSmo. ai. &/. 

SPRING-TIME WITH THE POETS: Fodixf lelected by 
Francrs Martin. Second Edition. i8mo. y. 6d. 
MA8SON {QWTAVBy-A COMPENDIOUS DICTIONARY 
OF THE FRENCH LANGUAGE (French-EnglUh and 
Engiiah-French). Adapted from the Dictionaries of Professor 
Alfrrd Elwall. Followed by a List of the Principal Di« 
verging Derivations^ and preceded by Chronological and 
Historical Tables. By Gustavb Masson, Assistant-Master 
and Librarian, Harrow SchooL Fourth Edition. Crown 8vo. 
half-bound. 6r. 

wmmM-^LE MALADE IMAGINAIRE. Edited, with 
Introduction and Notes^ by Francis Tarvsr, M. A., Asdstaot- 
Master at Eton. Fcap. 8vo. %s. 6^. 
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MORRZS—Worksbythe Rev, R.M0RRJ8, LL.D. 

HISTORICAL OUTLINES OF ENGUSH ACCIDENCE^ 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
fcap. 8vo. 6f. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. i8mo. 2s. 6d, 

PRIMER OF ENGLISH GRAMMAR, i8mo. u. 



OWPKANT— T'-^fi OLD AND MIDDLE ENGLISH. A 
New Edition of *' THE SOURCES OP STANDARD 
ENGLISH,** revised and greatly ehlaiged. By T. L. Kino- 
ton Oliphant. Extra fcap. 8vo. 99. 

9AI.OnAiriR^THE CHILDREN'S TREASURY OF 
LYRICAL POETRY. Selected and Arranged with Notes > 
by Francis Turner Palgravx. i8mo. 2s, 6d, Also in 
Two parts. i8mo. i^. each. 

PXiUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev. W. W. Srkat. M.A. Crown 8vo. 6s. 

BYhODVT^NEfV GUIDE TO GERMAN CONVERSA- 
TION: containing an Alphabetical List of nearly 800 Familiar 
Words followed by Exercises^ Vocabulaiy of Words in frequent 
use J Familiar Phrases and Dialogues ; a Sketch of Gcrmwi 
literature, Idiomatic Expressions, &c. By L. Pylodbt. 
i8mo. cloth limp. 2s. 6d. 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. iSmo. 6dl 

QUBBN'a COXiZiBGS, LONDON. ThS CaLVNDAB, 1879-^ 
1880-81, 1S81-82. Fcap. 8vo. Each is. 6d. 
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RBADING BOOKS— Adapted to the English and Scotch Codes. 
Bound in Cloth. 

PRIMER. iSmo. (48 pp.) %d, 

BOOK I. forStandaxd I. i8mo. (96 pp.) a4- 

iSmo. (144 pp.) 5</. 
iSmo. (z6o pp.) 6^. 
i8mo. (176 pp.) %d, 
i8ma (580 pp.) u. 
VI. Crown 8va (430 pp.) 2f. 

Book VI. is fitted for higher Classes, and as an Introduction to 
English Literature. 

'* They are far above any others that have a|>peared both in form and 
substance. . . . The editor of the proMMit senes has rigitfly seen that 
reading books most * aim chiefiy at nving to the pupBs the .power of 
accurate, and, if posable, apt and slalftd expression ; at eultivatinjE In 
them a good literary taste, and at arooabg ti deare en Airther reading.' 
This is done by taking care to select the extracts from true EngUsh dassioB, 
going up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, Macaolay, and Frojode. . . . This is qmte en the riajit 
track, and indicates justly the ideal whidi we ought to set before ns.'— 

GUASDIAM. 

SHAKB8PBABB— ^ SHAKESPEARE MANUAL. By F. G. 
Flxay, M. a., late Head Master of Skipton Grammar School 
Second Edition. Extra fcap. 8yo. 41. 6^ 

AN ATTEMPT TO DETERMINE THE CHRONO- 
LOGICAL ORDER OF SHAKESPEARE'S PlA YS. By 
the Rev. H. Fainb Stokss, B.A. Extra fcap. 8va 4/. 6d, 

THE TEMPEST. With Gloasarial and Explanatoiy Notes. 
By the Rer. J. M. Jbphson. New Editioa. i8mo. u. 

eONNfilf 8CHEIN and MBXKXJBJOHN — 7HE ENGLISH 
METHOD OP TEACHING TO READ. By A. SoN- 
NKNSCHXiN and J. M. D. Msiklejohn, M. A. Fcap. 8to. 

COMPRISING : 

THE NURSERY BOOK^ containing aU the Two-Letter 
Words in the Language. \d, (Also in Large Tjrpe on 
Sheets for School Walls. 5j.) 

THE FIRST COURSE, consisting of Short Vovda witil 
Single Consonants. 6t^ 
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THE SECOND COURSE^ with Combinations and Bridges, 
consisting of Short Vowels with Doable Consonants. 6d. 

THE THIRD AND FOURTH COURSES, consisting of 
Ixxng Vowels, and all the Double Vowels in the Language. 
6d. 

'* These are adminble books, because they are constructed on a piin- 
dple» and that the simplest principle on which it is possible to learn to read 
l^lish.' — Spbctator. - 

8TBPHBN— ^ DIGEST OF THE LAW OF EVIDENCE, 
By Sir James Fitzjames Stephen, a Judge of the High 
Court of Justice, Queen's Bench Division. Fourth Edition. 
Crown 8vo. 6s, 

" An invaluable text-book to students.">~THB Timbs. 

TAYImOB,— WORDS AND PLACES; or. Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rey. 
Isaac Taylor, M.A. Third and cheaper Edition* revised 
and compressed. With Maps. Globe 8vo. 6s, 

TATLOft— i4 PRIMER OF PIANOFORTE PLA VING. By 
Fkanklin Tatlok. Edited by George Grove. i8mo. is. 



-'HOUSEHOLD MANAGEMENT AND 

COOKERY. With an Appendix of Recipes used by the 

Teachers of the National School of Cookery. By W. B. 

TSGBTMSIER. Compiled at the request of the School Board 

for London. i8mo. \s, 

*' Admirably adapted to the use for which it is designed."-^ATHBNJBUM. 

"A seasonable and thoroughly practical manual. ... It can be consulted 
readily and the information it contains is given in the simplest language." 
— Pall Ma.ll Gazkttk. 

THB OLOBB RSADBRS- For Standards I.— VI. Edited by 
A. F. MuRisoN. With Illustrations. [Immediately, 

TmOKKTOJK--FIRST LESSONS IN BOOKKEEPING. By 
J. Thornton. Crown 8vo. 2s, 6d, 

The object of this volume Is to make the theory of Book-keeping suf- 
fidently plain for even children to understand it. 

TBRINO— Works by Edward Thring, M.A«, Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH, With Questions. Fourth Edition. i8mo. 2s. 
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r»BKOH fAROHBIBHOVy— Works by R. C T&ENCH, D.D., 
Archbidiop of Dublin. 

HOUSEHOLD BOOK OF ENGLISH POETRY. Selected 
and Arranged, with Notes. Third Edition. Extra fcap. Sro. 

y. &/. 

ON THE STUDY OF WORDS. Seventeenth Edition 
revised, Fcap. Svo. 5j. 

ENGLISH, PAST AND PRESENT. Eleventh Edition, 
revised and improved. Fcap. 8va 51. 

A SELECT GLOSSARY OF ENGLISH WORDS, used 
formerly in Senses Different from their Present. Fifth 
Edition, revised and enlarged. Fcap. Svo. $/• 

^KVmUM {CrM.)- WORDS FROM THE POETS. By 
C. M. Vauohan. New Edition. iSmo. cloth, is. 

VICTORIA UNIVERSITY OAIiBNDAR, with the Calendar of 
the Owens College, 1880-1S81, i88i>i882. Crown Zwcx. 3^. 

ynmctan and mOKUOIX-^HANDBOOK TO MODERN 

GREEK. By Edgar Vincent, Coldstream Guards, and 

. T. G. Dickson, M. A. Second Edition, revised and enlarged, 

. with Appendix an the relation of Modern and Classical Greek 

by Prof. R. C. Jebb. Crown 8vo. ts. 

" It will not be Messrs. Vincent and Didcson's fault if their work does 
not contribute materially to the study of Greek by Englishmen as a tivins 
language."— Pall Mall Gazbttb. 

WAXD-'THE ENGLISH POETS. Selections, with Critical 
Introductions by various Writers and a General Introduction 
by Matthew Arnold. Edited by T. H. Ward, M.A. 4 
Vols. Vol. I. CHAUCER to DONNE.— Vol. II. BEN 
JONSON to DRYDEN. — Vol. III. ADDISON to 
BLAKE. —Vol. IV. WORDSWORTH to SYDNEY 
DOBELL. Crown 8vo. Each yj. 6d. 

" They fill a gap in English letters, and they should find a place in every 
school library. It is odds but they will delight the master and be the 
pastime of the boys. . . . Mr. Ward is a model Editor. . . . English 
poetry is epitomised ; and that so brilliantly and well as to make the book 
in which the feat is done one of the best publications of its q)och-." — ^Tus 

TVACHER. 
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WHITNEY— Works by WiLLiAM D. Whxtnxy, Professor of 
Sanskrit and Instructor in Modem Languages in Yale College. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 
8vo. 4r. &/. 

A GERMAN READER IN PROSE AND VERSE, with 
Notes and Vocabulary. Crown 8vOb 5/. 

WRXTNBY AND BDORBN— ^4 COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with NoUtion of Cor- 
respondences and Brief Etymologies. By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown 8vo. 7J. 6</. 

THE GERMAN-ENGLISH PART, separately, 5*. 

WRlQWr—THE SCHOOL COOKERY BOOK, Compiled 
and Edited by C. E. Guthrie Wright, Hon. Sec. to the 
Edinburgh School of Cookery. i8mo. ix. 

Sir T. D. AcLAND, Bart., says of this book':—" I think the ' School 
Cookery Book ' the best cheap manual which I have seen on the subject, 
I hope teachers will welcome it But it seems to me likely to be even 
more useful for domestic purpose in all ranks short of those served by 
professed cooks. The receipts are nunjerous and precise, the explana- 
tion' of principles clear. The chapters on the adaptation of food to 
varying circumstances, age. climate, employment, health, and on infants' 
food, seem to me excellent." 

VONGE (OHARI.OTTE VL.)^THE ABRIDGED BOOK OF 
GOLDEN DEEDS A Reading Book for Schools and 
general readers. By the Author of "The Heir of Red- 
ely ffe." i8mo. cloth. I J. 



MAGMILLAN'S GLOBE LIBRARY. 

Prue 3J. 6d, per volume^ in cloth. Also kept in a variety of calf and 
morocco bindings, at moderate prices. 



'*The Globe Editions are admirable for their scholarly editing, their typo- 
graphical excellence, their compendioiis form, and their cheapnesc"— Saturday 

KBVISW. 

Sliakespeare's Complete l^orks. — Edited by W. G. Clabk, 
M.A., and W. Aldis Wright, M.A., Editors of the 
** Cambridge Shakespeare.*' With Glossary. 

Spenser's Complete Works- — Edited from the Original Editions 
and Manuscripts, by R. MORRIS, with a Memoir by J. W. 
Hales, M.A. With Glossary. 

Sir waiter Scott's PoeUcal Works. — Edited, with a 
Biographical and Critical Memoir, by Francis Turner 
Falgrave, and copious Notes. 

Complete Works of Rot>ert Boms. — Edi^ed from the best 
Printed and Manuscript authorities, with Giossarial Index, 
Notes, and a Biographical Memoir by Alexander Smith. 

Robinson Crusoe. — Edited after the Original Editions, with a 
Biographical Introduction by Henry Kingsley, 

Goldsmitk's Miscellaneous Works.^Edited, with Biographical 
Introduction, by Professor Masson. 

Pope's Poetical Works.— Edited, with Notes and Introductory 
Memoir, by A. W. Ward, M.A,, Professor of History in 
Owens Collie, Manchester. 

Pryden's Poetical ^irorks.— Edited, with a Memoir, Revised 
Text and Notes, by W. D. Christie, M. A., of Trinity College, 
Cambridge. 

Cowper's Poetical Works. — Edited, with Notes and Biographi- 
cal Introduction, by William Benham, Vicar of Marden. 

Morte d'Artknr.— SIR THOMAS MALORY'S BOOK OF 
KING ARTHUR AND OF HIS NOBLE KNIGHTS OF 
THE ROUND TABLE.— The original Edition of Caxton, 
revised for Modem Use. With an Introduction by Sir 
Edward Strachey, Bart. 

The Works of Virgil.— Rendered into English Prose, with 
Introductions, Notes, Running Analysis, and an Index. By 
James Lonsdale, M.A., and Samuel Lee, M.A. 

THe Works of Horace.— Rendered into English Prose, with 
Introductions, Running Analysis, Notes, and Index. By James 
Lonsdale, M.A., and Samuel Lef, M.A. 

Milton's Poetical Works.— Edited, with Introductions, by 
Professor Masson. 
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